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Preface 


This publication is the ninth memoir of the Soil Survey of Scotland. 
The soils of the country round Wick were surveyed between 1963 and 
1969 by Mr D. W. Futty assisted by Mr F. T. Dry from 1965 on- 
wards. The vegetation was studied and surveyed by Mr E. L. Birse and 
Mr J. S. Robertson. Soil correlation was done by Mr J. W. Muir and 
Mr R. Grant. Mr W. S. Shirreffs and Mr A. D. Moir of the Soil 
Survey Cartographic Section prepared the maps and diagrams. 
Members of staff from other departments of the Macaulay Institute 
for Soil Research have contributed to the memoir in various ways: 
Dr H. G. M. Hardie, Mr J. Logan and staff of the Soil Analysis 
Section of the Department of Pedology did the chemical analyses 
with the exception of the exchangeable cations which were carried out 
by Dr R. L. Mitchell and staff of the Department of Spectro- 
chemistry: Dr Hardie checked the section on standard analytical data 
in chapter 6: Mr B. D. Mitchell of the Department of Pedology 
contributed the sections on the mineralogy of the fine sand fractions 
based on microscopical examination, on clay mineralogy based on 
_ differential thermal and X-ray analyses, and on materials extracted 
by selective chemical dissolution techniques: Dr M. L. Berrow of the 
Department of Spectrochemistry wrote the section on trace elements. 
The chapter on peat was produced by Mr P. D. Hulme, Mr A. T. 
Nicol, and Mr R. A. Robertson, with field and laboratory assistance 
from Mr_J. S. Anderson and Mr A. W. Blythe; Dr S. E. Durno 
provided: the section on pollen analysis. 

_ Miss A. M. B. Geddes, Librarian, read the manuscript and offered 
much helpful advice and Mr J. W. Muir gave a great deal of assis- 
tance throughout the preparation of the memoir. | 
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1 Description of the Area 


LOCATION AND EXTENT 


The area described in this memoir is situated wholly within the District of 
Caithness and lies to the east of a line extending from just west of Thurso 
to the Ord of Caithness (Fig. 1). It covers the 1146 square kilometres 
represented on the one inch to one mile soil map Latheron and Wick 
(Sheets 110 and 116 and part of Sheet 117). 

Agriculture of the upland, stock-rearing type is the major traditional i in- 
dustry, and Caithness has long held a reputation for high quality Half-bred 
and North Country Cheviot ewe lambs. Fishing has become less important 
since the decline of the herring industry and is now based primarily on 
white fish. Quarrying was important in the nineteenth and early part of 
the twentieth centuries when Caithness flags were exported to many cities 
in Britain and abroad. In recent years the development of the United 
Kingdom Atomic Energy Authority at Dounreay has brought a modern 
industry to the area and as a result marked social and economic changes 
have taken place in the district. 

Wick (population 7687) and Thurso (population 9108) are the only 
towns; both are served by rail and there is an airport at Wick. 


PHYSICAL FEATURES 
Major Structural Divisions 


Almost the whole area lies within the Caithness Plain, a relatively 
smooth tableland of Middle Old Red Sandstone rocks which rises gently 
from below 60 metres (200 feet) in the north-east to between 180 and 240 
metres (600 and 800 feet) in the south-west (Fig. 2). The plain gradually 
merges in the south with the Moine Plateau, a dissected upland region 
composed of Moinian rocks, migmatites and granites, with some Middle 
Old Red Sandstone rocks, lying mainly between 180 and 240 metres (600 
and 800 feet). The Moine Plateau is an extensive region of the Northern 
Highlands, but only a small part is present in the area under review. 


River Systems 


The drainage system of Northern Scotland was initiated in the early 
Tertiary Period, with the consequent streams flowing in an east-south-east 
direction into the Moray Firth (Bremner, 1942). The main outlines of the 
present-day drainage pattern were established in preglacial times but 
were greatly modified by the glaciation (Crampton and Carruthers, 1914) 
when river valleys became infilled with drift. In some parts of the present 
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river systems the former channels have been re-excavated, while in others 
new channels have been developed in drift or rock. 

The principal river systems of the area are those of the River Thurso 
and its tributaries draining northwards into the Pentland Firth and the 
Wick River and its tributaries draining eastwards into the North Sea. In 
the south and south-east the Langwell, Berriedale and Dunbeath Waters, 
together with many short streams such as the Clyth Burn, flow into the 
North Sea. 

The River Thurso has its headwaters in the higher ground to the west. — 
From Loch More on the edge of the area it flows in a broad open valley 
with occasional short, narrow, rock gorges. Near Thurso, however, it 
passes through a gorge cut into glacial till which has plugged the preglacial 
channel (Crampton and Carruthers, 1914). A number of short streams . 
also flow northwards into the Pentland Firth and are considered as part 
of this drainage system. 

The headwaters of the Wick River lie to the south of Watten where a 
number of streams, including the Burn of Acharole and the Strath Burn, 
flow northwards from a plain of blanket peat. The Wick River flows 
eastwards from Watten in a broad valley until it enters a short narrow 
gorge about 3 kilometres west of Wick. Included in this drainage basin 
are the Burn of Lyth and the Gill Burn which drain into the North Sea 
from a large area of peat in the north-east corner of the county. 

The watershed between the Wick and Thurso drainage basins is 
ill-defined and low-lying; near Georgemas it lies at less than 60 metres 
(200 feet) above sea level, and to the north of Loch Scarmclate it is 
only about 30 metres (100 feet) above sea level. 

The Langwell, Berriedale and Dunbeath Waters, rising in the higher 
ground to the west of the area, traverse open moorland for much of 
their courses, but near the coast flow through deep steep-sided narrow 
gorges. These gorges are examples of partially re-excavated preglacial 
channels. The Burn of Latheronwheel and the Reisgill and Clyth 
Burns are short streams which have narrow steep-sided valleys at their 
seaward ends. Post-glacial rock gorges have been cut by the 
Dunbeath Water near Balantrath, by the Reisgill Burn near Lybster, 
and by the Clyth Burn below the Bridge of Occumster near Clyth 
(Crampton and Carruthers, 1914). 


Landform Regions 
THE CAITHNESS PLAIN 


The Caithness Plain can be divided into three landform regions, the 
Northern, the Central and the Southern Plains (Fig. 3). 


The Northern Plain 


Much of the Northern Plain is gently rolling and lies below 60 metres 
(200 feet), but in the western part a few smooth rounded hills rise to 
about 120 metres (400 feet) and above, with higher ground at Spital 
Hill, 176 metres (577 feet). Till covers much of the region and exten- 
sive peat deposits are present in the north-east corner. The belt of 
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country between Wick and Thurso is the main arable part of the area 
while crofting is practised along the north-eastern coastal fringe. The 
cultivated land is rarely continuous, however, but is frequently broken 
by small cut-over peat mosses and patches of unreclaimed moorland. 
A common feature of the landscape is that many fields are fenced 
with local flagstones set vertically. There are few hedges and trees 
other than those planted in the last century around some of the large 
estate properties. 

Dunnet Head, an area of moorland between 45 and 120 metres (150 and 
400 feet), is formed of Upper Old Red Sandstone rocks and has a land- 
scape of narrow escarpments and gentle dipslopes covered in blanket 
peat. Wind-blown shelly sand deposits occur around the margins of some 
of the shallow open bays such as Dunnet Bay and Sinclair’s Bay, where 
a fringe of high dunes is backed by often extensive sand flats and low 
dunes. Much of the rest of the coastline consists of vertical rock cliffs, 
often up to 60 metres (200 feet) or more in height. Marine erosion has 
produced a number of features such as geos, caves, natural arches and 
sea stacks, the best known being the Stacks of Duncansby. 


The Central Plain 

The Central Plain, lying directly to the south of the Northern Plain, 
ranges in altitude from about 75 metres (250 feet) in the north to over 
180 metres (600 feet) in the south. It is largely covered with deep 
blanket peat and includes the Achairn and Shielton Bogs. Natural 
drainage of the region is mainly by the Wick River and the River 
Thurso systems. A few isolated crofts occur where the peat is thin or 
absent and where a certain amount of reclamation has been possible, 
but most are now abandoned. 


The Southern Plain 


The southern part of the Caithness Plain lies at a general altitude of 
between 60 and 180 metres (200 and 600 feet) with higher ground 
rising to 248 metres (815 feet) on Stemster Hill and to 287 metres 
(942 feet) on Ben-a-chielt. The topography is much more rolling and 
dissected than that of the Central and Northern Plains, with deep 
steep-sided valleys. With the exception of the lower ground around 
Lybster and in the valleys, where till occurs, most of this region is 
relatively drift-free. A stepped or corrugated topography with well- 
defined north-south grain occurs to the north of Latheron and at 
Ulbster. Crampton and Carruthers (1914) suggest that its formation 
is due to the differential erosion of hard and soft bands of rock by 
moving ice, but similar features in Orkney are considered by Wilson 
et al. (1935) to be of preglacial origin. This region is mainly one of 
crofts and small farms along the coastal fringe and in some of the 
valleys, the higher ground further inland being largely uncultivated 
apart from a Forestry Commission plantation at Rumster. 


6 The soils of the country round Wick 


THE MOINE PLATEAU 


The Moine Plateau is only a small part of the area and so is considered 
as one landform region. This region consists mainly of rolling moor- 
land, much of which is peat-covered, lying between 180 and 240 
metres (600 and 800 feet). It is deeply dissected by the valleys of the 
Langwell and Berriedale Waters, and Scaraben rises steeply above the 
general level to almost 600 metres (2000 feet). There is some cultivated 
land at Berriedale and Braemore and some private afforestation near 
Berriedale, but most of the region is uncultivated and used for rough 
grazing and deer forest. 


2| Climate 


The climate of the area is strongly influenced by three factors, namely 
a peninsular situation, an open gently undulating topography and a 
high latitude. Partially shielded from westerly influences by the higher 
ground to the west and south, the area forms a fairly uniform climatic 
region with the main differences arising from altitude, aspect and 
distance from the coast. , 

In spite of the high latitude—it is not always realized that the latitude 
of the area coincides approximately with that of Southern Alaska and 
Northern Labrador—the climate is not too severe, not nearly so severe 
as in some regions of similar latitude. A striking feature is the close 
relationship between the various aspects of climate. The relatively low 
evaporation associated with low summer temperatures and high rel- 
ative humidities makes the annual average rainfall of about 750 
millimetres, although well below the average for the United Kingdom, 
comparatively excessive. Add to this the high incidence of strong winds 
and lack of shelter and the climate assumes a bleak and inhospitable 
aspect. Yet the area has a good sunshine record particularly when its 
northerly latitude is taken into account and during the summer months 
up to 18 hours of daylight are experienced. The very cold winters of 
the more southerly eastern coastal regions of Britain generally do not 
occur in this area. Overall the climate is of a cool but equable nature. 

There is very little basic data for the area apart from very extensive 
and complete information for one station, the Meteorological Office 
weather station at Wick (Plant, n.d., ca. 1968). Wick is a coastal 
station and therefore more under the influence of the North Sea than 
sites further inland. Data from other recording stations (Fig. 4) have 
been used to supplement the data from Wick. 


Rainfall 


The average annual rainfall varies from approximately 750 millimetres 
along the eastern seaboard to approximately 900 millimetres in the 
west. On the higher ground in the south the rainfall ranges from 900 
to 1150 millimetres (Fig. 4). High ground offers an effective barrier 
to rain-bearing winds coming from the south-west. If, however, ‘the 
wind backs to south-east or east, that is, with a track over the North 
Sea, the weather can deteriorate rapidly. Much of the annual precipi- 
tation comes from showers associated with winds from directions 
between north-west and north-east. At places well-exposed to winds 
from this sector, for example the northern and north-eastern parts of 
Caithness, the showers can be heavy and prolonged. 
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Table A shows the monthly and annual averages of rainfall (in milli- 
metres) for a number of recording stations within the area, with 
supplementary information from Dounreay, Reay (The Manse), 
Achavarn Lodge and Strathy (Bowside Lodge). The distribution of 
rainfall is more or less even throughout the year with October and 
November marginally the wettest months. Spring and early summer 
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are the driest seasons and on baiance May is the driest month; from 
May onwards there is a steady increase in rainfall through the summer 
months into winter. One of the significant features of the climate of 
Caithness is the very high number of days on which rain falls. With 
an annual rainfall of only 750 millimetres the maxim of little and 
often seems to hold (Table B). 


Snow 


Considering its high latitude the area is remarkably snow-free. It is 
open to winds from the sector between north-west and north-east and 
the greatest likelihood of heavy snowfalls occurs when northerly winds 
bring polar air into the region. Falls of snow are often accompanied 
by high winds and therefore even relatively light falls can lead to 
severe local drifting. 

The only station within the area for which complete snow records 
are available is at Wick, a coastal station much under the modifying 
influence of the North Sea. Moreover, the number of days with snow 
falling increases fairly rapidly with increasing height above sea level 
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—as a rough guide there is one day more per year for each 15 metres 
(50 feet) of elevation above 60 metres (200 feet)—so that Table C can- 
not be regarded as typical of the area as a whole. The number of 
days with snow lying similarly depends on altitude, distance from the 
coast and aspect (Table D). 


Table C/Days with Snow Falling 
(average number at Wick, 36 m, 1952—66, at any time of day) 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 


12 11 6 3 { <i 0 0 <i 1 4 8 46 


Table D/Days with Snow Lying* 
(average number at Wick, 36 m, 1952—66, at 09.00 hours) 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 


7 5 3 1 0 0 0 0 0 0 1 3 20 


* A day with snow lying is counted when half or more of the ground surrounding the 
station is. covered with snow at 09.00 hours G.M.T. 


Temperature 


There is a general lack of temperature data for the area and records 
at Dounreay and Strathy (Bowside Lodge), both of which lie to the 
west of the area, have been used to supplement the information from 
Wick. The values of averages of temperature (°C) are shown in Table 
E. For Wick the annual range of average mean monthly temperature 
is around 9-5°C, rising from about 3-4°C in the coldest months of 
January and February to 12-9°C in July. The area tends to escape 
the very low temperatures of severe winters which affect the eastern 
seaboard of the more southerly regions of Britain. The cold winds 
from the continent of Europe responsible for these extreme conditions 
in the south are modified on the much longer track over the North 
Sea by the surface temperatures of the winter seas which are higher 
than the ground-surface temperatures. 

The northerly latitude and the proximity to the sea play important 
roles in governing temperature patterns of the area. The very slow 
rise in sea temperature and the onset of cold easterly winds in the 
early spring result in a slow build-up of temperature over the land 
and the winter and spring tend to be rather prolonged. The high 
latitude and the maritime position of the area is further reflected in 
the rather low maximum summer temperatures and the narrow diurnal 
range of temperature (Fig. 5). 
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There is a marked similarity between the data from Wick and the 
data from Dounreay on the north coast. From the Strathy (Bowside 
Lodge) recording station the winter temperatures are noticeably lower 
and the summer temperatures higher than those from either Wick or 
Dounreay. This is the result of the inland locality and reduced mari- 
time influence. The average daily mean temperatures for Strathy are 
similar to those for Wick and Dounreay (Table E)- but the lower 
winter minima suggest that inland areas will be subject to more 
frequent oscillations about the freezing point. 
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Freezing Days 


Freezing days are defined as those days on which the arithmetic mean 
of the maximum and minimum temperatures does not exceed 0-0°C. 
The number of freezing days—days on which for all practical pur- 
poses frost is maintained throughout the 24 hours—averages about 
25 per year at Wick but will be greater inland. 


Wind 


The most frequent wind direction at all seasons is the south-east. In 
the summer months north-westerly winds are almost co-dominant and 
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south-westerly winds become more prevalent in the latter half of the 
year (Fig. 6). Parts of the area are shielded from westerly and south- 
westerly winds by the higher ground to the west and south. Northerly 
winds are generally rare but a noteworthy feature is the relatively 
high frequency of strong to gale-force winds from the sector between 
north-west and north-east, particularly during the winter months. 

On average, gales (average wind speed near the ground of 17-2 
metres per second or more maintained for 10 minutes or more at any 
time during the 24 hours) are experienced on some 12 days per year. 
Approximately 60 per cent of the gales occur in the winter months. 
Windiness is a characteristic feature of the climate and strong winds 
(average wind speed near the ground of 10-8 metres per second or 
more) are experienced on about 100 days per year. 


SPRING SUMMER AUTUMN WINTER 
(Mar, Apr, May) (Jun, Jul, Aug) (Sep, Oct, Nov) (Dec, Jan, Feb) 


FIG. 6 Wind Direction (Percentage Frequencies, Wick, 1957-1966) 


Relative Humidity and Fog 


In general the highest values of relative humidity occur in association 
with. the lowest air temperatures .of the day, that is, usually around 
dawn, whilst the lowest values of relative humidity are usually linked 
with the highest air temperatures of the day,. that is, in mid-afternoon. 
In June, July and August, the months when the incidence of haar is 
most common, the relative humidities show an early morning maxi- 
mum but as the day progresses the heat of the sun tends to disperse 
any haar or radiation fog and the relative humidity falls. There is a 
marked constancy in relative humidities at all times of the day during 
the winter months, except that the marginally higher mid-afternoon 
temperatures cause a slight drop. Relative humidities are higher for a 
longer period of time during the winter months because temperatures 
are low and daylight is short. Relative humidity values are at their 
lowest for the longest periods of time not, as might be expected, 
during the summer months but in the spring months of March, April 
and May, doubtless because of the low spring rainfall and high incidence 
of dry, cold easterly winds. 

The principal fogs of the area are sea fogs or haar. Haar, the 
inflow of sea fog, often accompanied by drizzle or extremely low stratus 
cloud, is a climatic phenomenon of considerable importance along the 
eastern coast of Caithness. It is characteristic of the northern seas in 
the summer months, although theoretically it can occur at any time 
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during the year whenever warm moist air is cooled by passage over 
the relatively cold North Sea until the dew-point is reached and con- 
densation begins. At Wick, and along the east coast generally, such 
fogs are mostly associated with south-east and easterly winds. Wick 
is the only station with basic data concerning the occurrence and dis- 
tribution of haar throughout the year. Fig. 7 shows that haar is more 
frequent in the period AP to September, with June and July as the 
peak months. 
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Sunshine 


The sunshine average for Wick is just under 1300 hours annually 
(Table F), but from the monthly averages it can be seen that the total 
for the first six months of the year exceeds that for the second half of 
the year by nearly 150 hours. May is the sunniest month with 175 
hours, 10 hours more than June. The sunshine values for June, July 
and August are undoubtedly affected by haar. The effect of the high 
latitude of the area is demonstrated in the long hours of daylight in 
the summer months, up to 18 hours in mid-summer. Conversely the 
winter days are short. 

The number of hours of sunshine at Strathy is noticeably lower 
than at Wick even though the summer temperatures are higher. Such 
differences between coastal and inland stations are quite normal but 
in this case it is somewhat exaggerated by the more sheltered valley 
. site of the recording station at Strathy. In the winter months the 
surrounding hills effectively cut out direct radiation from low-angled 
sun; in the summer months there is also some shielding early and late 
in the day but the percentage loss of radiation is much less. 
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The Growing Pericd 


The growing period is defined as that period of the year during which 
the average daily temperature is above 5-6°C. It is, of course, recog- 
nized that plant growth depends on many other factors such as soil 
temperature, degree of exposure, and potential water deficit. Never- 
theless, the growing period has proved a useful measure for temperate 
regions. The growing season at sea level in Caithness is about 240 
days (Fig. 5) but it is apparent from the shape of the curve that any 
rise in altitude (i.e. drop in average temperature) will result in a 
marked shortening of the season. 

Another, perhaps more meaningful, guide to the effectiveness of 
the annual period of growth is given by the averages of accumulated 
‘temperature. Accumulated temperature is defined by Shellard (1959) as 
‘the integrated excess or deficiency of temperature with reference to a 
fixed datum, usually called the base temperature, over an extended 
period of time’. The base temperature in relation to plant growth is 
taken as 5:6°C and the period of time as one year. Table G shows 
values of average monthly accumulated temperature in day-degrees 
above 5-6°C. There is a slow rate of accumulation of warmth in the 
spring but an equally slow loss in the autumn. 


Evapo-transpiration and Potential Water Deficit 


There is little information available regarding levels of evapo- 
transpiration and it must be remembered that estimates of water loss 
due to evaporation and transpiration can only be approximate and 
that actual values for a particular place, being governed by altitude, 
aspect and local variations in topography, will depend on temperature, 
relative humidity and degree of exposure. The most useful index of 
effective wetness of the climate is perhaps potential water deficit 
(Green, 1964), defined as the excess of potential evapo-transpiration 
over rainfall. The basic period is taken as one year but only the 
months in which evaporation exceeds precipitation, that is, where 
there is a potential water deficit; are taken into account. 

The potential evapo-transpiration was calculated from tables of 
potential transpiration given by the Ministry of Agriculture, Fisheries 
and Food (1967). The average value for the county or region is taken 
and the value for individual stations obtained by allowing for the 
difference between the height of the station above sea level and the 
average height of the county. As a first approximation it is suggested 
that a reduction of 6-25 millimetres per 30 metres (100 feet) altitude is 
applicable to Scotland for the six summer months. No correction 
factor is needed for coastal stations i.e. stations generally within a 
10 to 15 kilometres (6-9 miles) wide coastal strip, but the zone of 
maritime influence varies in width according to local topography. 

Table H includes the annual average of potential evapo-transpiration 
for inland and coastal Caithness. The relationships between precipitation 
and calculated potential evapo-transpiration for Wick and Buckies are 


PLATE 1/A view across the Caithness Plain from near Halkirk to the hills of Scaraben and 
Morven some 34 kilometres distant. 


E 2/Strata of the Caithness Flagstone Series (Middle Old Red Sandstone) near Wick. 


PLATE 3/Shallow drift overlying shattered strata of the Caithness Flagstone Series 
(Middle Old Red Sandstone) at Camster. 
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also given. For Wick the potential evapo-transpiration rates increase 
steadily from April to a maximum in June or July of around 
80 millimetres. In a normal rainfall year the accumulated potential 
water deficit is about 70 millimetres. The conditions of potential 
drought may be lessened, though not fully overcome, by haar, and in 
most years the water deficit is redressed by late-summer rains. For 
Buckies the potential evapo-transpiration rates are significantly lower 
than for Wick and only two months, May and June, show a water 
deficit. On average, by the beginning of September, soil-water is 
again in surplus. 


Assessment of Climatic Conditions 


A scheme of bioclimatic sub-regions for Scotland has been devised 
(Birse, 1971) based on Birse and Dry (1970) and Birse and Robertson 
(1970). The scheme depends on three measures, firstly thermal 
zonation from south to north and from low to high altitude, secondly, 
oceanicity, that is, the proximity to and the influence of large areas 
of open sea, and thirdly, moisture status as represented by the annual 
potential water deficit. Fig. 8 shows the bioclimatic sub-regions of the 
area. 

Most of the area lies within the southern boreal and lower oroboreal 
thermal sub-zone. The higher rainfall of the west and south is reflected 
in the general change from humid to very humid conditions across 
the area, and the high degree of oceanicity confirms the open situation 
of the Caithness Plain in relation to the Atlantic Ocean and the North 
Sea. In the relatively more sheltered valleys of the River Thurso and 
the Wick River and on the lower-lying land between Thurso and 
Wick more favourable thermal conditions prevail and these areas lie 
within the humid hemiboreal sub-zone. The main areas of arable 
agriculture lie within this sub-zone. Although peat also occurs in this 
sub-zone it is more extensively developed in the southern boreal and 
lower oroboreal sub-zone where it is the dominant soil in association 
with peaty gleys and peaty podzols. 

Climatic conditions are more severe on the higher ground to the 
south and range from those of the upper oroboreal to those of the 
lower oroarctic sub-zone in the Scaraben district. Peat development 
extends into the upper oroboreal sub-zone on the lower slopes of 
Scaraben but on the upper slopes, within the orohemiarctic sub-zone, 
peat development is restricted. Some thin peat occurs and a small 
area of deep peat is found in a saddle situation, but the main soils 
are subalpine podzols and skeletal soils on quartzite debris. On the 
extremely exposed summit of Scaraben the lower oroarctic sub-zone 
is reached at an altitude of around 500 metres (1640 feet); there is no 
peat development and the soil is a subalpine podzol. 
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3| Parent Materials 


The geological stucture of the area consists of gently dipping, faulted 
sedimentary rocks of Middle Old Red Sandstone age resting uncon- 
formably on an irregular floor of Moinian and associated igneous rocks 
(Fig. 9); the solid rocks are mostly overlain by Pleistocene and Recent 
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superficial deposits. The succession, based largely on Crampton and 
Carruthers (1914), Phemister (1960) and Waterston (1965) is as follows: 


Recent - Peat, alluvium, wind-blown sand 


Pleistocene Till, fluvioglacial sand and gravel, 
frost debris 


Upper Old Red Sandstone : Dunnet Sandstones 
Old Red Sandstone John o’ Groats Sandstones 
Middle Old Red Sandstone Caithness Flagstone Series 


Barren Red Series 


Intrusion of the Helmsdale Granite 
(late Caledonian age) 
Strath Halladale injection complex 


Moinian Schists and quartzites 


The widespread superficial deposits form the parent materials on 
which the majority of the soils in the area are developed. Hard rock 
occurs at no great depth over most of the area and sometimes at the 
surface. Soft weathered rock forms a soil parent material at Dunnet 
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Head. The variable nature of the superficial deposits (with the exception 
of peat) is due to two factors, namely, the sort of rocks from which 
the material was derived and the process by which it was formed. In 
this chapter the different rocks are briefly described, the glaciation 
discussed, and the nature of the superficial deposits outlined. The 
distribution of the different types of parent material is shown in Fig. 10. 


SOLID GEOLOGY 

Moinian 

The Moinian rocks, which occur in the south of the area, are region- 
ally metamorphosed sediments and comprise quartzites, mica-schists and 
granulitic quartz-biotite-schists (Crampton and Carruthers, 1914). The 
quartzites form the ridge of Scaraben and consist of white or slightly 
pinkish granulitic quartz; bedding or foliation is rarely evident in these 
rocks but joints are a marked feature. The mica-schists, forming the 
lower ground to the south of Scaraben, are, by contrast, strongly 
foliated rocks composed predominantly of muscovite and biotite with 
lenticles of granulitic quartz and feldspar. The granulitic quartz-biotite- 
schists crop out to the south and east of the mica-schists forming a tri- 
angular area centred around the Berriedale Water. They are composed 
mainly of quartz and feldspar, but muscovite and biotite are sometimes 
present. As the mica content increases, these rocks grade into mica-schists. 


Strath Halladale Injection Complex and Helmsdale Granite 


The Strath Halladale injection complex mostly occurs to the west of 
the area, but an eastward extension crops out to the north of the 
Dunbeath Water. It is composed of Moinian rocks which have been 
intruded by sheets of granite; migmatites have been produced by the 
penetration of granite along the foliation planes of the country rock, 
and veins of granite and pegmatite cut across the foliation. 

The northern fringe of the Helmsdale Granite, one of the Newer 
Granites of late Silurian or Lower Old Red Sandstone age, occurs in 
the vicinity of Berriedale and the Langwell Water. The intrusion as a 
whole is described by Read ef al. (1925) as consisting of a core of 
pink fine-grained adamellite surrounded by a ring of pink coarse- 
grained porphyritic adamellite containing large orthoclase crystals. 
Both rock types contain orthoclase, plagioclase, quartz, and biotite, 
although biotite is less common in the finer grained type. 


Old Red Sandstone 
BARREN RED SERIES 


The rocks of the Barren Red Series, which crop out in the south and 
west of the area and at Sarclet, are unfossiliferous and predominantly 
red coloured. A lower group of arkose, conglomerate and mudstone 
is overlain unconformably by an upper group of breccia, arkose, 
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sandstone and flagstone (Phemister, 1960). Arkose is a sandstone 
which contains a high proportion of feldspar grains and is derived 
from the breakdown of acid igneous rocks. The arkose of the lower 
group, derived from the Helmsdale Granite, is coarse grained and 
contains extremely fresh feldspar fragments, while that of the upper 
group is fine grained (Crampton and Carruthers, 1914). The con- 
glomerates are composed largely of subangular pebbles of schist, 
quartzite and granite set in a matrix of fine-grained arkose or mudstone. 
The breccias are made up of angular rock fragments and generally 
have a composition similar to the conglomerates, but on the northern 
slope of Scaraben there is a quartzite breccia in which sharp, angular 
fragments of quartzite are cemented by quartzite debris. The mud- 
stones are extremely fine grained, weakly fissile rocks, and although 
the red colour is prevalent, dark brown or greenish beds also occur. 


CAITHNESS FLAGSTONE SERIES 


Rocks of the Caithness Flagstone Series underlie most of the Caithness 
Plain. They consist of limestones, calcareous flags, sandstones and 
mudstones, and in that order comprise a basic rhythmic unit which 
occurs persistently throughout the series; sections illustrating rhythmic 
deposition are described in detail by Crampton and Carruthers (1914). 
Being predominantly grey and carbonate bearing these rocks contrast 
greatly with the red rocks of the Barren Red Series. 

The sandstones are usually fine grained, often current-bedded, and 
sometimes show evidence of contemporaneous slumping. Ripple 
marks and desiccation cracks are a common feature of the mudstones. 
The limestones and calcareous flags (Crampton and Carruthers, 1914) 
have been described more recently (Rayner, 1967) as finely laminated 
carbonate and quartz siltstones, and the Achanarras Limestone, which 
is an important fish-bearing horizon in the succession, as a finely 
laminated somewhat carbonaceous carbonate rock, varying from a 
rather coarse siltstone with interstitial carbonate to a carbonate rock 
rich in quartz fragments (Rayner, 1963). 

These strata have a total thickness of some 4500 metres (15,000 feet) 
(Phemister, 1960), and were formed in a large shallow lake to which 
the name Lake Orcadie was given (Geikie, 1879) to distinguish it 
from the Caledonian basin of deposition in which the Old Red Sand- 
stone rocks of the Midland Valley of Scotland were formed. The 
Caithness Flagstone Series has long been famous for the fossil fish 
remains which are found in the limestones and calcareous flags. 


JOHN O’GROATS SANDSTONES 


The John o’ Groats Sandstones occur in the north-east corner of the 
area and comprise friable, false-bedded, yellow and red calcareous 
sandstones, together with a few thin flagstone bands containing fossil 
fish. They lie possibly unconformably on rocks of the Caithness Flag- 
stone Series. 
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DUNNET SANDSTONES 


The Dunnet Sandstones, present only at Dunnet Head, consist of pink 
and yellow, false-bedded, unfossiliferous sandstones, with some shales 
and mudstones. | 


Post-Old Red Sandstone Igneous Activity 


Igneous rocks which cut across Old Red Sandstone strata occur very 
locally and comprise volcanic vents of agglomerate at Dunnet Head 
and Duncansby Head and basic dykes, mainly at Dunnet Head 
(Crampton and Carruthers, 1914). 


THE PLEISTOCENE GLACIATION 


Peach and Horne (1880/81) discuss the glaciation of Caithness in terms 
of two opposing streams of ice, each producing a characteristic type 
of till, followed by a later period of glaciation when moraines and 
gravels were deposited. Scottish ice which had moved out into the 
Moray Firth was deflected by Scandinavian ice in a north-westerly 
direction across the Caithness Plain (Fig. 11). The till associated with 
this north-westerly ice movement is the shelly boulder clay, described 
by Peach and Horne (1880/81) as a stiff dark grey deposit containing 
an admixture of rocks of local origin, with a large proportion of 
blocks foreign to the district, including those of Jurassic and Cretaceous 
derivation. The shell content consists of smoothed and striated shell 
fragments together with occasional whole shells. In the west of the 
area local ice flowed east-north-east and north-north-east, the deposit 
associated with this direction of movement being a reddish or brown- 
ish till derived from local rocks. A later period of glaciation, when 
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local glaciers moved outwards onto the plain from the higher ground 
in the west, produced the moraines and gravel mounds which overlie 
local till and shelly boulder clay alike. 

The account by Crampton and Carruthers (1914) of the glaciation 
is based on the work of Peach and Horne (1880/81), but in addition 
includes a description of a large erratic of Cretaceous sandstone at 
Leavad shown by bore-hole evidence to rest on shelly boulder clay. 

Bremner (1934) recognized three distinct glaciations, separated by 
interglacial periods. In the first glaciation ice moved onto the plain 
from the west. In the second, the period of maximum glaciation, the 
shelly till was deposited, while in the third ice came again from the 
west to leave behind the moraines and gravels. In discussing the various 
retreat stages of Bremner’s third (or ‘Highland’) glaciation, Charles- 
worth (1956) placed its outer limit in Orkney. 

Later discussion was concerned largely with readvance movements 
of the ice following the period of maximum glaciation in Scotland. 
Sissons (1965, 1967) correlated the shelly till of Caithness with the 
period of maximum glaciation and considered that the later glaciation 
recognized by earlier workers was probably the equivalent of the 
Aberdeen—Lammermuir readvance, the limit of which he tentatively 
restricted to Caithness. More recently, however, the validity of the 
readvance movements has been questioned and the Aberdeen— 
Lammermuir readvance rejected (Sissons, 1974). 


SUPERFICIAL DEPOSITS 


Superficial deposits cover more than 90 per cent of the area. Till 
(43 per cent) and peat (41 per cent) are the most extensive, alluvium 
(5 per cent) and wind-blown sand (1 per cent) being far less common, 
and fluvioglacial materials and frost debris (each less than 1 per cent) 
of minor extent. 


Till 

Till, the unsorted material laid down by the ice, is the most common 
glacial deposit in the area. Four types have been recognized. 

(1) Till of moderately fine texture is widespread on the Northern Plain 
and of local occurrence in the south and west of the area. It is a 
firm, compact deposit, predominantly of sandy clay loam texture; 
the shelly boulder clay of Caithness is of this type. 

Till of coarse or moderately coarse texture is almost wholly 
restricted to the south and west of the area. This type is more 
stony and generally thinner than the first type which in some 
sections it is seen to overlie. 

Thin stony till of moderately coarse or medium texture is common 
throughout the Caithness Plain. Some features of this deposit, 
such as tabular stones showing a preferred orientation parallel to 
the slope, suggest that its origin may be partly due to solifluction. 
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(4) Moraines, associated with the later period of glaciation, are composed 
of coarse or moderately coarse-textured till. This type is much less 
extensive than the others and is restricted mainly to the lower 
ground of the Wick and Thurso river valleys. 

A widespread feature of the last three types of till is the presence 
of an indurated layer in the upper part of the deposit. This indurated 
layer is compact, brittle and often has a coarse platy structure, some- 
times with reddish staining or manganese mottles on the faces of the 
plates. Other common features are the presence of fine pores, and 
fine sand or silt lining-stone cavities or forming cappings on the stones. 
The degree of induration is characteristically strongest at the top and 
decreases in intensity with depth; in this area, the average depth to 
the top of the induration (from the surface of the mineral material) is 
between 20 and 35 centimetres, and the thickness is commonly about 
30 centimetres, although thicknesses in excess of 60 centimetres have 
been recorded. The indurated layer is considered by FitzPatrick (1956) 
to be a fossil permafrost layer which formed at a time when periglacial 
conditions prevailed, while Glentworth (1944) and Romans (1962) 
believe it to be a product of soil-forming processes. 


Fluvioglacial Deposits 


Fluvioglacial deposits, comprising stratified sand and gravel, are of 
very minor extent in the area, and occur chiefly as a series of small 
isolated mounds, ridges and terraces which can be traced from Dale- 
more to Wick via Halsary and Watten. The texture is coarse, varying 
from loamy sand to coarse sandy gravel. These deposits are associated 
with the later period of ice movement and often occur near the 
moraines. 


Frost Debris 


Frost debris comprises mountain-top detritus and scree. Mountain- 
top detritus, a deposit commonly found on the higher exposed summits 
of upland Britain and described recently in Southern Scotland by Ragg 
and Bibby (1966), is characterized by an extremely stony surface layer 
overlying less stony material. The sorting of the deposit into two 
layers probably occurred under conditions of alternate freezing and 
thawing, a process demonstrated experimentally by Corte (1966). 

Mountain-top detritus occurs on the summits of Scaraben and 
neighbouring quartzite hills, and consists of a surface layer up to 60 
centimetres thick of angular quartzite stones overlying material of 
sandy loam texture in which stones have cappings of fine sand. Scree 
is present on the steep flanks of the hills. These deposits were probably 
formed by frost disintegration of the well-jointed quartzite at the time 
when the higher summits in this area emerged from the ice (Crampton 
and Carruthers, 1914). 
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Peat 


Peat is an accumulation of organic material which has formed under 
conditions of excess surface moisture, low temperature and high acidity, 
factors which inhibit the decomposition of dead plant remains by 
causing a reduction in the rate of microbiological activity. In this area, 
over 40 per cent of the ground is covered by peat. Blanket peat is 
extensive in the Central Plain and in the north-east of the Northern 
Plain; basin and valley peat occur locally and consist of peat deposits 
confined in basins or channels. 


Alluvium 


River alluvium forms level stretches of ground alongside many of the 
rivers and streams in the area. Texture is variable, particularly in the 
alluvium of the Northern Plain where rapid lateral changes sometimes 
occur, and ranges from loam to coarse sand. In the south of the area, 
however, the alluvium is predominantly coarse textured and often 
gravelly, although loam textures occur in the Braemore district. The 
most extensive deposits of river alluvium are found along the River 
Thurso north of Westerdale and north of Halkirk. Lacustrine alluvium 
of former lake sites is present on the Northern Plain and at Clyth. 
Textures range from loam to coarse sand, while layers high in organic 
matter content are common in some deposits. Marl, a light grey 
calcareous silt loam which occasionally contains gastropod shells, 
frequently occurs at the base of alluvial deposits of lacustrine origin. 
Analysis of marl from Westfield Loch, about one kilometre outwith 
the area, indicates an average calcium carbonate content (of oven-dry 
material) of almost 90 per cent (Glentworth and Mackenzie, 1944). 

Deposits consisting of banded organic and mineral layers, or mineral 
material high in organic matter, are considered as complexes of peat 
and alluvium. They are often closely associated with lacustrine alluvium, 
but are also present alongside many of the small streams of the Central 
Plain. 


Wind-blown Sand 


Wind-blown shelly sand deposits occur around some of the more 
open shallow bays of the Northern Plain, the most extensive being at 
Dunnet Links where wind-blown material stretches inland for nearly 4 
kilometres. The deposits occur in the form of high mobile dunes, low 
dunes and sand flats, and in general the texture of the material which 
forms the sand flats is coarser than that of the dunes. 

Wind-blown accumulations of quartzose sand are present at Loch 
More and at the southern end of the lacustrine alluvium near Lochend. 
At Loch More the sand is coarse textured and.composed of quartz and 
feldspar grains. These deposits were probably formed at times when 
the level of water was low and the sandy material on the floor of the 
lake was exposed to the wind. 


4 Soils 


A soil body is a natural three-dimensional object whose limits are 
decided by considerations of soil and not-soil. According to present-day 
views a soil body carries a living vegetation and in section has more 
or less well-developed horizons roughly parallel to the surface of the 
ground. It is a product of natural agencies, namely climate, vegetation 
and relief, acting over a period of time on parent material, but can 
be modified by Man. 


SOIL-FORMING FACTORS 


Parent Material 


The properties of parent material most significantly affecting soil 
formation are texture and mineralogical composition. As well as 
having an important influence on the corresponding soil property, 
texture is important in determining the drainage of the soil, coarse 
materials generally giving rise to well-drained soils and fine materials 
poorly drained soils. Other factors such as the presence of an iron pan 
or an indurated layer can, however, cause poor drainage to occur in 
the upper part of soil profiles developed on coarse-textured materials. 

There is generally a close relationship between major soil subgroup 
and parent material. In this area the brown calcareous soils, brown 
forest soils, podzols and peaty podzols are developed on parent 
materials of coarse, moderately coarse and medium textures, and the 
noncalcareous and peaty gleys mostly on materials of medium and 
moderately fine texture. The texture of the parent material also directly 
influences the structure and consistence of the soils, coarse materials 
resulting in weakly cohesive soils with fine structures and fine materials 
resulting in strongly cohesive soils with coarse or massive structures. 
The mineralogical composition of the parent material is closely related 
to base-richness. Base-rich materials generally remain less leached 
than siliceous materials because their larger store of bases takes longer to 
be depleted. In this area, however, leaching is so strong that almost all 
types of parent materials give rise to soils that are base-deficient, at 
least in the upper horizons, and have a surface accumulation of acid organic 
matter. 
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Climate 


Rainfall and temperature are the elements of climate which have the 
greatest influence on soil formation. Not all the rainfall is involved be- 
cause some is lost by run-off and some by evaporation and transpiration. 
The amount of run-off depends on slope, the impermeability of the sur- 
face material, and the intensity of the rainfall. The amount lost by evapo- 
transpiration is largely dependent on temperature. With increasing 
latitude or altitude average temperatures become lower, so less rainfall is 
lost and more enters the soil. Leaching is intensified, soils become acid 
more quickly and a surface layer of organic matter is more readily accumn- 
lated. An organic-matter accumulation in turn intensifies leaching and 
podzolization. 

In this area, the climate has determined to a great extent the overall 
nature of the soils, the combination of the low summer temperatures 
and the high relative humidities being largely responsible for the pre- 
dominance of gleys, peaty podzols and blanket peat. 


Relief 
Three important elements of relief which affect soil formation are slope, 
aspect and elevation. 

Steepness of slope has a strong effect on run-off. On steep slopes run- 

off is rapid and consequently only a proportion of the rainfall penetrates 
the surface of the soil, but on gentle slopes it is slow and more of the 
rainfall enters the soil. On level ground little water is shed unless flooding 
occurs and in basin sites water moves in laterally causing waterlogging. 
The tendency, therefore, is for soils with poor drainage, such as gleys and 
peat, to develop on gently sloping ground and soils with better drainage, 
such as podzols and peaty podzols, to occur on steep slopes. This is exem- 
plified firstly in areas of the Achavanich complex mapping unit, where 
peaty podzols are found on the steep ground and peaty gleys or peat 
occur on the gentle slopes, and secondly on the Dunnet Head peninsula, 
where peaty podzols are developed on the weathered-sandstone outcrops 
and deep blanket peat has formed on the intervening flat areas. 
. As well as affecting soil formation, aspect and elevation also influence 
climate. Soil temperatures are often lower on north-facing slopes than on 
south-facing slopes and this probably encourages accumulation of organic 
matter. However, the effect does not appear to be noticeable in this area, 
probably because so much of the landscape is peat-covered. At high 
elevations climate is more severe, but again the effect is apparently un- 
important because differences in elevation are not great. 


Vegetation 


Vegetation is not considered to be an independent variable because it is 
dependent on other factors such as climate and soil. Nevertheless, the type 
of vegetation does have an effect on soil formation, particularly with 
regard to the type of humus form developed. Broadleaved woodland, 


PLATE 4/Weathered Dunnet Sandstone (Upper Old Red Sandstone) at Dunnet Head. 


PLATE S5/Till derived from Middle Old Red Sandstone rocks of the Caithness Flagstone 
Series near Lybster. 
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herb and grassland vegetation are associated with moder or mull humus 
forms, and coniferous forest and ericaceous vegetation are associated 
with mor or peaty forms of humus. 

The marked relationship between vegetation and major soil subgroups 
in the uncultivated parts of the area is described in detail in Chapter 8. In 
general the brown calcareous soils support dune pasture and the brown 
forest soils either Agrostis-Festuca acid grassland in which bracken com- 
monly occurs or birch woodland. The humus-iron podzols occur under 
birch and the podzols support Agrostis-Festuca acid grassland. The sub- 
alpine podzols have Rhacomitrium or Calluna-lichen heath, the peaty 
podzols, peaty gleys and shallow peat wet Calluna moor and the deep 
peat Calluna-Eriophorum-Trichophorum vegetation. The uncultivated 
noncalcareous gleys occur under wet Juncus effusus pasture and the 
calcareous gleys under a pasture rich and varied in species. 


Time 

The time factor is the length of time that the soil-forming processes have 
been operating. The Pleistocene glaciation destroyed the pre-existing soils, 
new surfaces were exposed, and new materials were formed on which 
many of the present-day soils are developed. Consequently, the soils, in 
general, date from the end of the Ice Age. Younger soils, developed on 
Recent deposits such as alluvium and wind-blown sand, do not generally 
have the well-developed profiles found in soils on older materials. 


Man 


Man’s agricultural activities on the land have affected natural soil bodies 
in a number of ways. Draining and ditching changes the soil-water regime 
and the drainage status of soils. Ploughing destroys the upper horizons 
of the natural profile and creates new ones, particularly when organic 
matter is added. The addition of lime and fertilizers raises the nutrient 
status of poor soils and thereafter maintains it against losses from leach- 
ing. 

The cultivated parts of the area have mostly been broken in from peaty 
moorland and evidence of their origin is retained in the profiles of many 
soils. Some of the cultivated soils can be clearly recognized as peaty gleys 
because the horizons of the natural soil, apart from a slightly modified 
surface, are intact. Others, such as the Thurso series, are noncalcareous 
gleys, but gradations are found between this profile type and the corres- 
ponding peaty gley, indicating that over a period of time the process 
of cultivation can convert a peaty gley into a noncalcareous gley. Further 
evidence is provided by the fact that the boundaries between cultivated 
noncalcareous gleys and uncultivated peaty gleys sometimes coincide 
with fence lines. Similarly, in the peaty podzols cultivation over a long 
period of time destroys the upper horizons completely. Evidence for this 
is that fragments of a thin iron pan sometimes occur in soils which, because 
of cultivation, now possess a dark brown ploughed layer in place of the 
former organic and podzolized horizons. 


D 
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SOIL SURVEY METHODS 


The primary aim of a soil survey is to identify and describe soil types and 
to record their distribution on a map. The soil profile, a vertical section 
from the surface of the ground to the soil parent material (approximately 
one metre) at a point on the landscape, is the means used to study the soils 
of an area. Soil types are identified on the basis of profile morphology, 
that is by the comparative study of their appearance. The features 
generally considered are colour, texture, structure, consistence, organic 
matter, roots, stones, moisture, mottles and thickness of each horizon in 
the profile. Although no two profiles are exactly alike, it is possible to 
group those that are very similar into primary profile-taxa called series. 
The term series is also applied to the primary mapping-taxa which are 
related to the profile-taxa in a simple way. Any area mapped as a given 
series is predominantly, but not exclusively, composed of profiles belonging 
to the profile-series of the same name. The phase is a subdivision of the 
series, either the mapping- or the profile-series, which is based on a single 
characteristic such as stoniness, steepness or shallowness. The complex is 
exclusively a mapping unit used when the soil pattern on the landscape is 
too intricate for the component mapping units to be shown separately. 
The soil association is a compound mapping unit in which the distribution 
of each component is delineated. It is a unit which represents a character- 
istic soil pattern on the landscape. In Scotland the pattern is closely related 
to parent rock and consequently the association contains primary map- 
ping units which have been developed on materials derived from the 
same parent rock. 


Table I/ Classification of Series 


Major Soil Group Subgroup Series 
Calcareous soils Brown calcareous soils Fraserburgh 
Brown earths Brown forest soils Fungarth, Langwell 
Podzols _ Podzols (cultivated) Bilbster, Halsary, 
Ramscraigs 
Humus-iron podzols Countesswells 
Subalpine podzols Scraulac 
Peaty podzols Berriedale, Camster, Charr, Dunnet, 
. Gaerlie, Marlain, Shielton, Tarbothill, 
Warth 
Surface-water gleys Noncalcareous gleys Cam-leathad, Dunbeath, Thurso, 
Tresdale 
Peaty gleys Braemore, Canisbay, Knockally, Olrig 
Ground-water gleys Calcareous gleys Whitelinks 


Noncalcareous gleys Anniegathel, Sibster 


Soils 


Noncalcareous Gleys 
Brown Forest Soils Calcareous Gleys 
Peaty Gleys 


Brown Calcareous Soils 


Podzols Soil Complexes 


Subalpine Podzols || lil Alluvium 


Peaty Podzols Peat 


Fic. 12 Major Soil Subgroups 
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THURSO 


CANISBAY 


STRICHEN DUNNET 


COUNTESSWELLS FRASERBURGH 


BERRIEDALE ALLUVIUM 
BRAEMORE PEAT 


Fic. 13 Soil Associations 
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The system of soil classification used in this memoir is the one adopted 
by the Soil Survey of Scotland and is similar to that used in previous 
memoirs. It is described in detail in Appendix I. Soil series with very 
similar profiles are assigned to the same major soil subgroup (Fig. 12). 
Table I lists the series which occur in the area, arranged in their major soil 
group and subgroup. 

Soil series are generally named after the locality in which they were 
first described. Soil complexes are often named in the same way, but 
sometimes they are given the name of a predominant series. The soil 
association (Fig. 13) usually has the same name as its most common series. 
Phases of series are not given separate names but have a qualification 
added to the series name. 

During a survey, soil profiles are examined at numerous points on the 
landscape by means of shallow (less than 50 centimetres) pits, by auger 
borings or by any natural or man-made exposures that occur. In addition 
pits about one metre deep are dug at infrequent intervals, and from these 
detailed profile descriptions are made and samples for laboratory analysis 
are obtained. Any correlations established between soil type and ex- 
ternal factors such as slope or vegetation assist greatly in the placing of 
boundaries between mapping units. In this area field mapping was done 
on aerial photographs (1:10,000), clean copies on 1:25,000 maps were 
made and from these the published map (1:63,360) was compiled. The 
smallest area that can be shown on the 1:63,360 scale is approximately 
two hectares. 


DISTRIBUTION 


The soil map of the area represents a total area of 1146 square kilometres. 
Of this 45 per cent has been mapped as soil series, 6 per cent as soil com- 
plexes, 41 per cent as organic soils, 4 per cent as miscellaneous soils and 
2 per cent as non-soil, i.e. built-up areas, quarries, etc. The extent of the 
individual mapping units is shown on Table J. 

Twenty-eight soil series have been mapped of which nineteen are new 
’ series and nine are series established during previous surveys in other 
parts of Scotland. Five soil complexes, none previously described, have 
been mapped. The soil series and the soil complexes are grouped into 
eleven soil associations, six of which are described for the first time in a 
memoir. Two soil series, the Bilbster and the Camster, have been sub- 
divided into phases on the basis of depth to bedrock. 

Deep peat is the most extensive mapping unit, amounting to 33 per cent 
of the area. The Thurso series (22 per cent) is by far the most extensive 
soil series, followed by the Olrig series (8 per cent) and the Bilbster series 
(6 per cent). The Thurso Association accounts for over 43 per cent of the 
area, followed by the Berriedale Association at only 3 per cent. Many of 
the associations each cover less than 1 per cent of the area. Deep peat and 
the Thurso series together amount to 55 per cent of the area. Eighteen 
series each covers less than 0-5 per cent. 

After the organic soils (41 per cent) the most extensive major soil sub- 
group is the noncalcareous gleys, amounting to 24 per cent, followed by 
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peaty gleys at 11 per cent. Seventy-six per cent of the area thus consists of 
poorly drained soils and peat. Podzols amount to 7 per cent, and peaty 
podzols to just over 3 per cent of the area. The least extensive major soil 
subgroups are the brown calcareous soils and the brown forest soils each 
being less than 1 per cent. The above figures do not, however, include the 
soils present in the soil complexes. 

In the account which follows, all the associations and their constituent 
soils, including the complexes, are described. Organic soils, alluvium, 
peat-alluvium and mixed bottom land are dealt with at the end of the 
chapter. Because peat is so extensive only the details of its distribution are 
given here under the heading of organic soils, and a more comprehensive 
account is given in the next chapter. 


ASSOCIATIONS 


The Berriedale Association 


The Berriedale Association consists of soils developed on reddish brown 
till derived from sandstones, conglomerates and mudstones of the Middle 
Old Red Sandstone Barren Red Series. The soils cover 35 square kilometres 
and are found mainly in the south of the area, particularly along the 
coast between Ousdale and Dunbeath, to the west of the Houstry Burn, 
and in the valley of the Dunbeath Water, but small patches also occur in 
the western part of the Central Plain; broadly, their distribution co- 
incides with a transitional region where the Caithness Plain merges with 
the Moine Plateau. 

The parent material is a reddish brown till of SYR hue and sandy loam 
to clay loam texture. It probably has a general thickness of between 50 
and 120 centimetres, although deeper sections occur in the valleys of the 
Langwell and Dunbeath Waters. In the district between Ousdale and 
Ramscraigs the till has a sandy loam texture and contains many subangular 
and tabular stones. The subangular stones are granite, schist and, 
occasionally, quartzite, and have most probably been derived from the 
conglomerate rather than directly from outcrops of granite or Moinian 
rocks. The tabular stones are mainly sandstone and, occasionally, 
mudstone. Further north, near Dunbeath, sandy clay loam or sometimes 
clay loam textures are common, probably due to a higher proportion of 
sandstone and mudstone in the till. In the valley of the Dunbeath Water, 
the till has a sandy loam texture where it is predominantly conglomerate- 
derived, and a sandy clay loam or clay loam texture where it contains 
mudstone. Along the western edge of the Central Plain there is a high 
proportion of granitic material in the till, derived either directly from 
granite of the Strath Halladale injection complex or from the arkoses of 
Middle Old Red Sandstone age. A coarse-textured till, which forms a few 
moraines to the west of Strathmore Lodge, is another parent material in 
this association. It lacks the typical reddish colour, probably because it 
is derived from granite and schist as well as Middle Old Red Sandstone 
sediments. 
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The soils are developed under a mean annual rainfall of 900 to 1000 milli- 
metres. There are five soil series, the Berriedale series (peaty podzols) and 
the Knockally series (peaty gleys) being the most extensive, and the 
Ramscraigs series (cultivated podzols), the Dunbeath series (noncalcareous 
gleys) and the Langwell series (brown forest soils). Skeletal soils also 
occur. 


LANGWELL SERIES 


The Langwell series, consisting of freely drained brown forest soils, is 
restricted to the steep lower slopes of the Langwell valley where it covers 
less than one square kilometre. The soils are developed on a till of sandy 
loam texture and support either Agrostis-Festuca acid grassland in which 
Pteridium (bracken) predominates, or birch woodland. 


Profile Description 


Slope steep 

Vegetation Agrostis-Festuca acid grassland 

Drainage Class free 

Horizon Depth 

A 0-20 cm Dark brown (7-5YR3/2) loam; moderate medium subangular 


blocky readily breaking to fine crumb; friable; high organic 
matter; many roots, frequent bracken rhizomes; frequent stones; 
moist; clear change into 

B, 20-45cm _—— Strong brown (7-SYR5/6) sandy loam; moderate medium sub- 
angular blocky; friable; low organic matter; frequent roots, few 
bracken rhizomes; frequent stones, predominantly subangular 
granite, schist and sandstone; moist; clear change into 

C/D 45 cm+ Shattered conglomerate. 


The A horizon consists of a dark brown friable loam in which fine 
roots are abundant and earthworms usually present. The B, horizon is a 
brown or strong brown stony sandy loam and although usually friable it 
is sometimes firm and weakly indurated. Patches of dark reddish brown 
organic staining can be present, indicating that some of these soils are 
intergrades with humus-iron podzols. 


RAMSCRAIGS SERIES 


The Ramscraigs series consists of freely and imperfectly drained cultivated 
podzols. Most probably these soils were once peaty podzols with profiles 
similar to those of the Berriedale series, but they have been altered by 
cultivation to such an extent that the original H and A horizons are no 
longer recognizable and the iron pan has often been destroyed. This 
series covers 4 square kilometres and occurs mainly in the Dunbeath 
district, but there are also a few small patches of it around old crofts in 
the western part of the Central Plain. 

The parent material is a reddish brown till of sandy loam or occasionally 
sandy clay loam texture. It is mainly thin, and bed-rock usually occurs 
within profile depth. The soils occur on gentle or moderate slopes, those 
no longer under cultivation supporting Agrostis-Festuca acid grassland 
vegetation. They are similar in some respects to the soils of the Bilbster 
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series but are distinguished from them by a redder hue of the subsurface 
horizons. 


Profile Description 


Slope moderate 

Vegetation arable crop or Agrostis-Festuca acid grassland 

Drainage Class free 

Horizon Depth 

S 0-20 cm Very dark greyish brown (10YR3/2) loam; moderate medium 


subangular blocky; friable; high organic matter; many roots; 
frequent small subangular stones; moist; sharp change into 

B, 20-40cm __— Reddish brown (5YR5/3) sandy loam or sandy clay loam; moderate 
coarse platy; very firm; strong induration; few roots; frequent 
stones, predominantly subangular sandstone, granite and schist; 
moist; clear change into 

B,/C 40-75 cm+ Reddish brown (SYR4/3) sandy loam or sandy clay loam; weak 
coarse platy or massive; firm; moderate induration; no roots; 
frequent stones, predominantly subangular sandstone, granite and 
schist; moist. 


Typical profiles of the Ramscraigs series are characterized by the very 
dark greyish brown §S horizon overlying a reddish brown indurated B, 
horizon. Some profiles have a thin, mottled, pale brown A,(g) horizon 
between the S and the B; horizons. The S horizon, usually only between 
15 and 20 centimetres thick, is a friable loam with a subangular blocky 
structure. There is a very sharp boundary with the B,; horizon below, and 
at this level an iron pan or the trace of one occasionally occurs. The B, 
horizon has a sandy loam or sandy clay loam texture and a platy structure, 
and is very firm and strongly indurated. Few roots occur in this horizon, 
while faint mottling is sometimes present. Induration decreases in intensity 
with depth, and in the B;/C horizon is generally absent, but consistence 
is firm. Mottling, when present, is faint, and black manganese concretions 
often occur. Bed-rock is frequently encountered at depths of hetween 
50 and 80 centimetres and there is usually a sharp boundary between drift 
and rock. Shallower profiles, generally overlying red sandstone, sometimes 
occur. In the Knockally district, where the underlying rocks are flagstones, 
profiles of the shallow phase of the Bilbster series are occasionally present. 


BERRIEDALE SERIES 


The Berriedale series, which comprises peaty podzols, is the most extensive 
series of the association. It covers 16 square kilometres and has a distribution 
similar to that of the association as a whole, although its main occurrence 
is between Ousdale and Ramscraigs. 

The parent material is mainly a reddish brown till of sandy loam or, 
occasionally, sandy clay loam texture. The soils occur on moderate to 
steep slopes under wet Calluna moor vegetation. Also included within 
this series are the soils developed on a till of loamy sand texture which 
forms sporadic moraines to the west of Strathmore Lodge. Natural 
drainage in the soils of this series is affected by the presence of a thin iron 
pan in the profile which prevents downward percolation of water. Above 
the pan, the drainage is poor, while below the pan it is free. 
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Profile Description 

Slope moderate to steep 

Vegetation wet Calluna moor 

Drainage Class free below B,, poor above 

Horizon Depth 

LandF trace Calluna and moss remains. 

H, 30-15 cm Dark reddish brown (SYR2/2) slightly humified fibrous peaty 


humus; strong vertical cracks; firm; many roots, particularly 
in cracks; clear change into 

H, 15-0 cm Black (1OYR2/1) medium humified amorphous peaty humus; 
plastic; frequent roots; sharp change into 

Aig 0-15cm Brown (10YR5/3) sandy loam with very dark brown (10YR2/2) 
staining in upper part of horizon; moderate medium subangular 
blocky; firm; moderate organic matter; frequent roots; frequent 
bleached stones; moist; sharp change into 

B, 15cm Thin iron pan with root mat on upper surface. 

B, 15—45 cm Reddish brown (SYR4/4) sandy loam; weak or moderate coarse 
platy; very firm; moderate or strong induration; no organic matter; 
no roots; frequent or many stones, predominantly angular and 
subangular schist, quartzite and granite and subafigular and 
tabular red sandstone; moist; clear change into 

B,/C 45-75 cm+ Reddish brown (5YR4/4) sandy loam; massive; firm; weak 
induration; frequent or many stones, as in above horizon; moist. 


The H horizon is generally about 30 centimetres thick, and, as is typical 
of most peaty surface horizons consists of an upper dark reddish brown 
fibrous peaty humus and a lower black amorphous and often plastic peaty 
humus. Where it has dried out, vertical cracks due to shrinkage occur, 
and these contain extremely abundant fibrous roots. The A,g horizon is 
usually about 15 centimetres but occasionally it is as much as 30 centimetres 
in thickness. The.colour varies from very dark brown in the upper part of 
the horizon to brown in the lower part, and is due to organic staining 
which decreases in intensity with depth. When this horizon dries out it 
acquires a pale greyish colour, and the bleached nature of the stones, 
rock particles and mineral grains is readily apparent. Texture in the A,g 
horizon is usually sandy loam. The iron pan, an important characteristic of 
the series, is usually impenetrable to plant roots, and a root mat often 
forms on the upper surface. Dense organic staining of the A,g horizon 
can occur in a narrow zone immediately above the pan, and, where the 
pan is undulating, the depressions are often grey and strongly gleyed. 
The indurated reddish brown B, horizon normally occurs immediately 
beneath the iron pan. It has a sandy loam or sometimes a sandy clay 
loam texture, and a coarse platy structure with iron-staining on the peds. 
The B,/C horizon is intermediate in character between the B, and C 
horizons. Colour and texture are similar to the horizon above, but 
structure is absent and induration is weak or absent. Bed-rock is sometimes 
present at the base of this horizon. Profiles with friable B, horizons of 
high chroma occur less commonly, and appear to be related to a stonier 
and coarser textured parent material. 

Cultivated profiles of the Berriedale series occur mainly along the coast 
to the north of Berriedale. They have a very dark organic S horizon instead 
of the usual peaty H horizon, but otherwise the profile is very similar to 
that described above, with an A,g horizon and an iron pan present. 
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DUNBEATH SERIES 


The Dunbeath series, comprising poorly drained noncalcareous gleys, 
occurs mainly between Ramscraigs and Dunbeath, in the Newlands of 
Houstry district, and near Achnaclyth. The total area covered is 4 square 
kilometres. 

The parent material is a reddish brown till of sandy loam, sandy clay 
loam or clay loam texture. Near Achnaclyth, clay loam till is overlain by 
a thin veneer of sandy loam, mainly of decomposed granitic material. 
The soils occur on gentle or, occasionally, moderate slopes, and most are 
cultivated. The uncultivated soils are found mostly in flushed shallow 
depressions under wet Juncus effusus pasture, but in the valley of the 
Dunbeath Water, some occur under Salix-Betula scrub. 


Profile Description 


Slope gentle 

Vegetation wet Juncus effusus pasture or arable crop 

Drainage Class poor 

Horizon Depth 

A(g) 0-20 cm Very dark greyish brown (10YR3/2) loam with few fine distinct 


dark reddish brown (SYR3/3) mottles; weak medium subangular 
blocky; firm; high organic matter; frequent roots; frequent small 
stones; moist; sharp change into 

Brown (10YR5/3) sandy loam or sandy clay loam with frequent 
medium faint yellowish brown (10YR5/4) and greyish brown 
(10YR5/2) mottles; weak medium subangular blocky or coarse 
prismatic; firm; low organic matter; frequent roots, becoming few 
with depth; frequent stones; moist; clear change into 


Big 20-35 cm 


B,(g) 35—70cm _ Reddish grey (SYR5/2) sandy clay loam with frequent fine distinct 
yellowish red (SYR4/8) mottles; massive; firm; low organic matter; 
few roots; frequent stones, predominantly tabular sandstone and 
subangular granite and schist; moist; gradual change into 

C(g) 70-100 cm + Reddish brown (SYR4/3) sandy clay loam; very firm. Otherwise 


similar to above horizon. 


These soils are typical examples of surface-water gleys developed on 
reddish parent materials. The upper part of the profile is strongly gleyed 
and grey or brown colours predominate, but the lower part of the profile 
is only weakly gleyed and the reddish brown colour of the parent material 
is evident. The A(g) or S horizon is a very dark greyish brown loam 
between 20 and 30 centimetres thick. Under semi-natural vegetation, 
reddish mottles are usually present and there is a high organic matter 
content. The boundary between this horizon and the B,g horizon below 
it is usually very sharp. In the brown or greyish brown B,g horizon, the 
structure is coarse blocky or prismatic. Reddish colours do sometimes 
occur in this horizon but are always accompanied by coarse grey patches. 
Reddish hues of SYR appear in the B,;(g) horizon, where gleying is less 
intense, and mottling has a higher chroma than that in the horizon above. 
The structure is either weak or absent. The C(g) horizon is massive and 
has mottling similar to that of the B;(g) horizon but less intense. Under 
Salix-Betula scrub the A horizon has a very high organic matter content 
of nearly 50 per cent, and the profile is more strongly gleyed throughout. 


Soils 45 


KNOCKALLY SERIES 


The Knockally series consists of poorly drained peaty gleys. It occurs 
mainly in the Dunbeath district between Ramscraigs and Newlands of 
Houstry, with scattered patches throughout the western part of the Central 
Plain, and covers a total area of 10 square kilometres. 

The parent material is a till of sandy clay loam or clay texture. The 
soils occur on gentle slopes and support wet Calluna moor vegetation. In 
the Dunbeath district much of this series has a disturbed surface layer, 
due to the cutting and removal of peat for fuel. , 


Profile Description 


Slope gentle 

Vegetation wet Calluna moor 

Drainage Class poor 

Horizon Depth 

LandF trace Calluna and moss remains. 

H, 30-15cm __— Dark reddish brown (SYR2/2) slightly humified fibrous peaty 
humus; firm; many roots; clear change into 

H, 15—0 cm Black (LOYR2/1) medium humified amorphous peaty humus; firm; 
frequent or many roots; sharp change into 

Aig 0-15 cm Pale brown (10YR6/3) sandy loam or loam with dark reddish 


brown (SYR2/2) staining in upper part of horizon; weak medium 
subangular blocky; firm; moderate organic matter; frequent roots; 
frequent small bleached stones; moist; clear change into 

B.g 15-40 cm Reddish brown (SYR4/3) sandy clay loam with many coarse pale 
brown (10YR6/3) patches and frequent medium distinct strong 
brown (7-5YR5/6) mottles; weak medium subangular blocky; 
firm; low organic matter; few roots; frequent stones, predominantly 
subangular schist and granite and tabular red sandstone; moist; 
clear change into 

B3g 40-75 cm Reddish brown (5YR4/3) sandy clay loam with frequent medium 
distinct yellowish red (SYR5/8) mottles and coarse pale brown 
(1OYR6/3) patches; weak medium subangular blocky or massive; 
firm; low organic matter; few roots; frequent stones, predominantly 
subangular schist and granite and tabular red sandstone; moist; 
clear change into 

C(g) 75-100 cm + Reddish brown (SYR4/3) sandy clay loam with frequent medium 
distinct yellowish red (SYR5/8) mottles; massive; firm; no roots; 
frequent stones, predominantly subangular schist and granite and 
tabular red sandstone; moist. 


The H horizon varies in thickness from 5 to 50 centimetres, although 
the average is about 30 centimetres. The A,g horizon is about 15 centimetres 
thick with a sandy loam or loam texture. There is usually much dark organic 
staining in the upper part of the horizon, but pale colours due to gleying 
are more evident in the lower part. Sandstone fragments in this horizon 
are bleached to a colour resembling that of the matrix. The B,g horizon 
is usually a reddish brown sandy clay loam, but occasionally a weak red 
clay loam, with pale gleyed patches and mottles of high chroma. The 
structure is subangular blocky or prismatic; where prismatic structure is 
well-developed, the ped faces have light brown sandy coatings. In the B,g 
horizon gleying is less intense, structure is weak or absent, and mottling 
is usually of redder hue. 
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SKELETAL SOILS 


Skeletal soils in this association are not extensive, covering less than one 
square kilometre. The mapping unit, consisting of bare rock and shallow 
peaty ranker soils, is associated with the mass of conglomerate which 
extends northwards from Berriedale, and is found mainly on the gently 
or moderately sloping higher ground of Beinn nan Coireag, Wag Hill 
and Cnocan Conachreag. Vegetation, where present, is usually wet 
Calluna moor. These areas are virtually drift-free, the soil profile con- 
sisting of 10 to 15 centimetres of peaty humus overlying rock, although 
a thin greyish sandy A, horizon is sometimes present. 


The Braemore Association 


The Braemore Association comprises soils developed on reddish till de- 
rived from mudstones of the Middle Old Red Sandstone Barren Red Series. 
Covering 2 square kilometres it is one of the less extensive associations 
and is confined to the Braemore district. 

The parent materials are of two main types. The commoner type is a 
red till, usually more than 120 centimetres thick, of clay, clay loam or 
silty clay loam texture, containing frequent or abundant small soft frag- 
ments of mudstone together with occasional larger pieces of flaggy 
sandstone. This type occurs on the gently sloping lower ground. The less 
common type is a reddish brown till of loam or silt loam texture. It is 
more stony, generally thinner, and is found on the steeper ground. 

The soils of this association occur under a mean annual rainfall of 
between 1000 and 1150 millimetres. Three soil series have been mapped— 
the Marlain series (peaty podzols), the Cam-leathad series (noncalcareous 
gleys) and the Braemore series (peaty gleys). 


MARLAIN SERIES 


The Marlain series, consisting of peaty podzols, covers less than one 
square kilometre. The parent material is a reddish brown loam or silt loam 
till containing an abundance of small chips of fine red sandstone and 
mudstone. On the north side of the Braemore valley the thickness of the 
till on the lower part of the slope is about 120 centimetres, but on the upper 
part it is less than 60 centimetres. The soils occur on the moderately steep 
or steep slopes on the north side of the valley, and on the moundy topo- 
graphy on the south side. The vegetation is mainly wet Calluna moor with 
dry Calluna moor occurring on the steeper slopes. The drainage class is 
generally free below the iron pan; locally, however, the soils of this series 
are developed on a till of clay loam texture and have imperfectly drained 
mottled B horizons, due to low permeability. Above the iron pan, drain- 
age is poor. 


Profile Description 

Slope moderately steep 
Vegetation wet Calluna moor 
Drainage Class free below B, 
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Horizon Depth 

LandF trace Calluna and moss remains. 

H, 30-15cm ~—_— Dark reddish brown (SYR2/2) slightly humified fibrous peaty 
humus; strong vertical cracks; firm; many roots particularly in 
cracks; clear change into 

H, 15—O cm Black (10YR2/1) medium humified amorphous peaty humus; sharp 
change into 

Aig 0-10 cm Light yellowish brown (10YR6/4) loam with very dark brown 
(1OYR2/2) staining; moderate medium subangular blocky or 
coarse platy; firm; moderate organic matter; frequent roots; 
frequent smal! stones; moist; sharp change into 

B, 10 cm Thin iron pan with root mat on upper surface. 

B, 10-20 cm __— Reddish brown (5YR4/4) silt loam; weak coarse platy; firm; weak 
induration; no roots; many small stones, predominantly chips of 
‘red mudstone and fine sandstone; moist; clear change into 

B,/C 20—50 cm+ Reddish brown (5YR4/3) loam; massive. Similar to above horizon. 


The profiles of this series are somewhat variable, reflecting differences 
in slope and in texture of the parent material. The normal profile is simi- 
lar to that described above. The H horizon is generally between 15 and 
30 centimetres thick. Strong vertical cracks commonly develop on drying 
out due to shrinkage of the peat, and usually contain extremely abundant 
fibrous roots. The thin A,g horizon has dark organic staining, a loam 
texture, and a subangular blocky or coarse platy structure. The B, horizon 
lies immediately below the thin iron pan, and is a reddish brown weakly 
indurated silt loam or loam with a weak coarse platy structure. The under- 
lying B,/C horizon is very similar, but the structure is dominated by the 
presence of small stones. 

On steep slopes the H horizon is much thinner, usually less than 15 
centimetres thick, and the iron pan is generally absent. The soils of this 
series developed on the finer textured till have clay loam textures, with 
brown and grey mottling common in the B horizons; induration, how- 
ever, is absent. Where the series has been cultivated, the profile has a 
dark humose loam S horizon. 


CAM-LEATHAD SERIES 


The Cam-leathad series, consisting of noncalcareous gleys, covers less 
than one square kilometre. The parent material is a till of clay, clay loam 
or silt loam texture with the clay till generally redder than the clay loam 
or silt loam till. The soils are developed on gentle or moderate slopes. 
Some are under cultivation, while others support wet Juncus effusus 
pasture. The natural drainage is poor, and features due to gleying are 
most strongly developed in the upper part of the profile, indicating that 
the soils are surface-water gleys. 


Profile Description 

Slope gentle or moderate 

Vegetation wet Juncus effusus pasture or arable crop 
Drainage Class poor 


Horizon Depth 

A(g) 0-23 cm Dark greyish brown (10YR4/2) loam with few fine prominent 
yellowish red (SYR4/8) mottles; weak medium subangular blocky; 
firm; high organic matter; frequent roots; few small stones; moist 
to wet; sharp change into 
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Horizon Depth 

Bg 23—40 cm _— Dark red (2°5YR3/6) clay with frequent medium distinct red- 
dish yellow (7-5YR6/6) mottles and coarse light olive-brown 
(2-5Y5/4) patches; weak medium subangular blocky; firm, plastic 
and sticky; low organic matter; frequent roots, becoming few with 
depth; few small stones, predominantly mudstone; moist; clear 
change into 

B;(g) 40-75 cm Weak red (2-SYR4/2) clay with frequent coarse distinct yellow- 
ish red (SYR5/6) mottles; massive; firm; no roots; frequent stones, 
predominantly tabular mudstone; moist; clear change into 

Cc 75—100 Weak red (2-5YR4/2) clay; massive; firm; frequent or many stones, 

cm+ predominantly tabular mudstone; moist. 


The main features of the profile are the dark greyish brown loam A(g) or 
S horizon overlying reddish fine-textured B,g, B;(g) and C horizons. In 
the B,g horizon, mottling of high chroma is accompanied by pale patches 
due to gleying, but the reddish colour of the parent material is dominant. 
The structure is usually weak. Mottling is less intense in the B,(g) horizon 
and absent in the C horizon. Root development does not normally extend 
into the B;(g) horizon. 


BRAEMORE SERIES 


The Braemore series, comprising peaty gleys, is the most extensive series 
of the association, although it covers only one square kilometre. 

The parent material is similar to that of the Cam-leathad series, although 
some profiles are developed on a till of loam or silt loam texture. The 
soils occur on gentle or moderate slopes under wet Calluna moor vegetation. 


Profile Description 

Slope gentle or moderate 

Vegetation wet Calluna moor 

Drainage Class poor 

Horizon Depth 

H, 30-15 cm __— Dark reddish brown (SYR2/2) slightly humified fibrous peaty 
humus; firm; many roots; clear change into 

H, 15—0 cm Black (10YR2/1) medium humified amorphous peaty humus; plas- 
tic; frequent roots; sharp change into 

Arg 0—10 cm Greyish brown (10YR5/2) loam or clay loam; weak medium angular 


blocky; firm; moderate organic matter; frequent roots; frequent 
small stones; moist; sharp change into 

Bg 10-30 cm ~=_—d Dark reddish grey (SYR4/2) clay loam with many coarse prominent 
greyish brown (2-5Y5/2) patches; weak medium subangular 
blocky; firm; low organic matter; frequent roots, becoming few 
with depth; few small stones, predominantly mudstone; moist; 
clear change into 

B;(g) 30-75 cm = Weak red (2-5 YR4/2) clay with frequent coarse distinct yellowish 
red (SYR5/6) mottles; massive; firm; no roots; frequent stones, 
predominantly mudstone; moist; clear change into 

Cc 75—100 Weak red (2-5YR4/2) clay; massive; firm; frequent or many 

cm+ stones, predominantly tabular mudstone; moist. 


The distinctive features of the profile are the peaty surface layer, the 
greyish A,g horizon and the reddish fine-textured B,g and B;(g) horizons. 
The H horizon is usually less than 30 centimetres thick. Texture in the A,g 
horizon is loam or clay loam and structure is weak blocky. The Bg, 


PLATE 6/Fluvioglacial gravel derived from Middle Old Red Sandstone rocks of the 
Caithness Flagstone Series near Shielton, Watten. 


PLATE 7/Arable land at North Calder. The soils are mainly the shallow phase of the 
Bilbster series. 


PLATE 8/Arable land near Stemster House. Soils of the Bilbster complex are in the 
foreground, those of the Thurso series on the lower ground in the middle distance and 
soils of both the Bilbster and the Thurso series are present on the ridge beyond. 
Caithness flags set vertically help to form the fence in the foreground. 
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B,(g) and C horizons are similar to those of the Cam-leathad series; the 
degree of mottling is greatest in the B,g horizon, decreasing in intensity 
with depth, while the textures are clay loam or silty.clay loam and the 
structures are weak. 

. Occasionally a variant of the peaty gley profile occurs in which the. 
sequence of horizons is H, A,g, B,(g), B; and C; this kind of profile is 
developed on the loam or silt loam till. The B,(g) horizon has a loam, silt 
loam or clay loam texture and a coarse platy structure, with grey mottling 
present on the structure faces. It contains abundant mudstone chips, 
many of which are soft and weathered. The B, horizon has a coarse platy - 
structure, faint mottling, and is indurated; it is similar to the B, hori- 
zon of the Marlain series. Mottling and induration are absent in the C 
horizon. ¢ 


The Canisbay Association 


The soils of the Canisbay Association are developed on reddish brown 
till derived from strata of the John o’Groats Sandstones and the Caithness 
Flagstone Series. They occur only in the north-east corner of the area, 
mainly on ground below 60 metres (200 feet) and cover 21 square kilo- 
metres. 

The texture of the till is mainly sandy clay loam, although sandy loam 
or clay loam textures occur locally. The colour usually has a SYR hue, but 
the finer textures are often associated with a hue of 2-SYR. The till is 
thick along the north coast between Scotland’s Haven and Huna, where 
it forms a narrow Strip of level ground, but is much thinner on the rising 
ground to the south where bed-rock is frequently encountered within one 
metre of the surface. 

The soils of this association occur under a mean annual rainfall of 
about 750 millimetres. The Canisbay series is the most extensive series 
and comprises peaty gleys, most of which are cultivated. The Warth series 
(peaty podzols) and the Tresdale series (noncalcareous gleys) are of lesser 
extent. 


WARTH SERIES 


The Warth series consists of peaty podzols. It is inextensive, covering less 
than one square kilometre, and has a scattered distribution, the largest 
area occurring on Warth Hill. 

The parent material is a reddish brown till of sandy loam texture. It is 
sometimes extremely thin, as on Mool Hill, and bed-rock is often en- 
countered within profile depth. The soils occur on moderate or moderately 
steep slopes under wet Calluna moor vegetation. Natural drainage below 
the iron pan is generally imperfect, while above the pan it is poor. 


Profile Description 


Slope moderate 

Vegetation wet Calluna moor 
Drainage Class imperfect below B, 
Horizon Depth 

LandF trace Calluna and moss remains. 


E 
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Horizon Depth 


H, 30-10 cm = Dark reddish brown (SYR2/2) slightly humified fibrous peaty 
humus; firm; many roots; sharp change into 

H, 10—0 cm Black (SYR2/1) medium humified amorphous peaty humus; plas- 
tic; many roots; sharp change into 

Aig 0-15 cm Brown (7-5YR4/2) sandy loam; weak medium subangular blocky; 


firm; low organic matter; frequent roots; frequent small stones, 
predominantly weathered sandstone; moist; sharp change into 

B, 15 cm Thin iron pan with mat on upper surface. 

B,(g) 15—25 cm __— Reddish brown (SYRS5/3) sandy loam with frequent medium 
distinct strong brown (7-SYR5/8) mottles and coarse pinkish grey 
(7-SYR6/2) patches; weak medium subangular blocky; friable; no 
roots; frequent small stones, predominantly sandstone and flag- 
stone; moist; clear change into 

B;(g)/ - 25-100 Reddish brown (SYR5/4) sandy loam with frequent medium faint 

C(g) cm+ brown (7-SYR5/4) patches; massive; firm; weak induration in 

upper part of horizon; frequent stones, predominantly subangular 
red sandstone and tabular flagstone; moist. 


Profiles of the Warth series are typical of peaty podzols, except that 
they have mottled B,(g) horizons. The peaty surface layer is generally 
about 30 centimetres thick, although in one or two localities where the 
soils are cultivated, such as on Mool Hill, it is replaced by a very dark 
greyish brown humose loam. The A,g horizon, commonly a sandy loam, 
is about 15 centimetres thick and stained with organic matter. The thin 
iron pan is almost invariably present. The B,(g) horizon is reddish brown 
with mottles of high and low chroma. The texture is a sandy loam or a 
sandy clay loam and the structure subangular blocky. The B;(g)/C(g) 
horizon is reddish brown with a few pale gleyed patches, but ochreous 
mottles are usually absent. Sometimes there is weak induration at the top 
of this horizon, but the strongly indurated B, horizon characteristic of 
most other peaty podzols of the area is absent. 


TRESDALE SERIES 


The Tresdale series, consisting of poorly drained noncalcareous gleys, is 
of minor extent, covering only one square kilometre. The parent material 
is a reddish brown till of sandy clay loam or clay loam texture, and the 
soils, which are all cultivated, occur on gentle slopes. 


Profile Description 

Slope gentle 

Vegetation arable crop 

Drainage Class poor 

Horizon Depth 

Ss 0-25 cm Dark greyish brown (10YR4/2) loam; moderate medium subangular 


blocky; firm; moderate organic matter; many roots; few small 
stones; moist; sharp change into 
B,g/B;g 25—70cm Reddish brown (SYR4/4) sandy clay loam with frequent medium 
; distinct strong brown (7-5YR5/8) mottles and coarse pinkish grey 
(7-5YR6/2) patches; greyish brown (10YR5/2) sandy coatings on 
ped faces; moderate coarse prismatic; firm; frequent roots, be- 
coming few with depth; frequent stones, predominantly subangular 
red sandstone; moist; clear change into 
Cg 70—100 Reddish brown (SYR4/4) sandy clay loam or clay loam. Similar 
cm+ to above horizon, but massive and no roots. 
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Typical profiles of the Tresdale series are characterized by a dark greyish 
brown loam S horizon overlying reddish brown sandy clay loam or some- 
times clay loam subsurface horizons. The B,g/B;g horizon is usually 
reddish brown with mottles of high chroma and coarse greyish patches, 
but in some profiles a more intensely gleyed greyish brown B,g horizon 
is present. The structure is typically coarse prismatic, with grey sandy 
coatings on ped faces. 


CANISBAY SERIES 


The Canisbay series consists of poorly drained peaty gleys. It covers 19 
square kilometres and occurs on level ground, gentle slopes, and, some- 
times, on moderate slopes. The parent material is a reddish brown till of 
sandy loam or sandy clay loam texture. Uncultivated soils have wet 
Calluna moor vegetation, but most of the series is cultivated. 


Profile Description 


Slope level or gentle 

Vegetation arable crop 

Drainage Class poor 

Horizon Depth 

S 0-23 cm Black (1OYR2/1) or very dark greyish brown (10YR3/2) sandy 


loam; moderate medium subangular blocky; friable; moderate or 
high organic matter; frequent roots; few small stones; moist; 
: sharp change into 

Aig 23-30 cm __—‘ Very dark brown (10YR2/2) sandy loam; weak medium subangular 
blocky; friable; moderate organic matter; frequent roots; frequent 
small stones; moist; sharp change into 

Bog 30-45 cm ~—_ Greyish brown (10YR5/2) sandy loam or sandy clay loam with 
frequent medium distinct yellowish brown (LOYR5/6) mottles and 
fine prominent yellowish red (SYR4/6) pipes; greyish brown 
(2:5Y5/2) sandy coatings to ped faces; moderate coarse prismatic; 
firm; low organic matter; few roots; frequent weathered stones, 
predominantly subangular red sandstone and few tabular stones 
of flagstone; moist; clear change into 

Bg 45—75 cm _ Reddish brown (SYR4/4) sandy clay loam with frequent medium 
distinct strong brown (7° 5YR5/8) mottles and coarse pinkish grey 
(7-5YR6/2) patches, weak coarse prismatic; firm; few roots; 
frequent stones; moist; clear change into 

Cg 75—100 Reddish brown (SYR4/4) sandy clay loam. Similar to above hori- 

cm+ zon, but massive and no roots. 


The S horizon is a black or very dark greyish brown sandy loam, generally 
20 to 25 centimetres thick but occasionally as much as 50 centimetres. 
Near John o’Groats there is a narrow strip along the coast where this 
horizon contains abundant white shell fragments. The A,g horizon is not 
always present, having sometimes been destroyed by cultivation and in- 
corporated into the S horizon. Where it is present, it consists of a thin 
horizon, usually less than 10 centimetres, of very dark brown sandy 
loam, the colour being due to organic staining. The B,g horizon, variable 
in colour and texture, is mostly a greyish brown mottled sandy loam or 
sandy clay loam, but is sometimes reddish brown. Clay loam textures, 
often with colours of redder hue, are found locally, particularly in the 
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Duncansby district. The structure is usually prismatic, the ped faces hav- 
ing either greyish brown sandy coatings or, less commonly, very dark 
brown organic staining. Weathered red sandstone fragments in this horizon 
contrast strongly with the grey matrix. In the B,g and Cg horizons the 
reddish brown colour of the parent material is usually present, but be- 
comes dark grey with depth. Soils in which bed-rock is present within 
profile depth occur on moderate slopes in the Canisbay district but the 
typical reddish brown colour is absent in these shallower profiles. Un- 
cultivated soils of the Canisbay series generally have a peaty surface 
horizon up to 30 centimetres thick, but otherwise their features are very 
much as described above. 


The Corby Association 


Soils of the Corby Association, described previously in Banffshire and 
in Aberdeenshire (Glentworth, 1954; Glentworth and Muir, 1963), are 
’ developed on fluvioglacial sand and gravel deposits derived from acid 
metamorphic rocks and granites. In the area under review, however, the 
parent material usually includes a small proportion of Middle Old Red 
Sandstone rocks of the Barren Red Series and the Caithness Flagstone 
Series. The soils, covering less than one square kilometre, occur between 
Dirlot and Tacher. 

The sand and gravel deposits form a discontinuous series of ridges 
resting on rock or till and have textures ranging from loamy sand to coarse 
sandy gravel. Layers cemented with manganese and/or iron commonly 
occur, due to the fluctuating ground-water level. At Dalemore gravel pit 
there is a vertical section of approximately 4-5 metres of sand and gravel 
overlying bed-rock of grey flags. A black manganese-cemented layer 30 
centimetres thick occurs at 2 metres, and below this is an ochreous iron- 
cemented layer 20 centimetres thick containing small discrete black man- 
ganese patches. 

The soils occur under a mean annual rainfall of 900 to 1000 millimetres. 
The only series mapped is the Tarbothill series, comprising peaty podzols. 
While these soils are of little agricultural importance, their parent material 
is a major source of sand and gravel within the district. 


TARBOTHILL SERIES 


The distribution and parent material of the Tarbothill series are described 
above. The soils usually support wet Calluna moor vegetation. They are 
freely drained below the iron pan, and in many cases there is very little 
evidence of gleying in the horizons above the iron pan either. 


Profile Description 


Slope steep 

Vegetation wet Calluna moor 
Drainage Class free below B, 

Horizon Depth 

LandF trace Cailuna and moss remains 


H, 25-10 cm Dark reddish brown (SYR2/2) slightly humified fibrous peaty 


Soils 53 


Horizon Depth , : . : 
humus; strong vertical cracks; firm; many roots, particularly in 


cracks; clear change into 


H, 10—0 cm Black (10YR2/1) medium humified amorphous peaty humus; 
strong vertical cracks; firm; many roots, particularly in cracks; 
sharp change into 

A, 0—15 cm Brown (7-5YR5/2) loamy coarse sand with dark reddish brown 


(SYR3/2) staining; weak medium subangular blocky; friable; 
moderate organic matter; frequent roots; frequent small stones; 
moist; sharp change into 

A/B 15—25 cm __— Dark reddish brown (SYR2/2) loamy coarse sand; weak coarse 
platy; very firm; moderate organic matter; few roots; frequent small 
stones; moist; sharp change into 

B, 25 cm Thin iron pan. 

B, 25-45 cm __— Strong brown (7:5YRS5/8) gravelly coarse sand with dark reddish 
brown (S5YR2/2) staining; single-grain; friable or loose; low organic 
matter; few roots; many subangular and subrounded stones; moist; 
clear change into 

B,/C 45—75 cm+ Brown (7-5YR4/4) gravelly coarse sand; single-grain; loose; no 
roots; many subangular and subrounded stones; moist. 


The peaty surface horizon is usually less than 30 centimetres thick. The 
A, horizon, which replaces the normal A,g horizon of the typical peaty 
podzols of the area, has a loamy coarse sand texture and much organic 
staining. Beneath is usually a dark reddish brown A/B horizon, 10 to 15 
centimetres thick, which is very firm and cemented. The iron pan is usually 
present, although sometimes it is only weakly developed. The B, horizon, 
typically a strong brown colour with some organic staining, has either a 
weak subangular blocky or a single-grain structure, and is friable or loose. 
The brown B,/C horizon, with single-grain structure and loose consis- 
tence, is often uniform (apart from textural changes) down to between 3 
and 6 metres, but layers of black manganese-cemented and ochreous 
iron-cemented material are sometimes present. At Dalemore gravel pit 
similar profiles with a strong, convoluted, thin iron pan are exposed under 
deep peat. 


The Countesswells Association 


Soils of the Countesswells Association have been mapped in Aberdeen- 
shire (Glentworth, 1954; Glentworth and Muir, 1963; Heslop and Bown, 
1969) on parent material derived from granite and granitic gneiss. Simi- 
lar soils occur in the Langwell valley and at Ousdale, but are of limited 
extent and cover only 2 square kilometres; they are, however, part of a 
much more extensive area of the Countesswells Association which lies to 
the west and south-west. 

The parent material is a coarse or moderately coarse-textured stony till 
derived from the Helmsdale Granite. The matrix of the till is usually 
brown of 7-5YR hue, although the presence of pink granite stones makes 
the overall colour of the till appear redder. A marked grittiness is apparent 
in the texture. On the lower slopes of the north side of the Langwell Water 
mounds of morainic till are present. The soils occur under a mean annual 
rainfall of about 1000 millimetres. Two soil series are present, the 


54 The soils of the country round Wick 


Countesswells series (humus-iron podzols) on the steep birch-covered 
slopes, and the Charr series (peaty podzols) on the moderately steep slopes 
under heather moor. 


COUNTESSWELLS SERIES 


The Countesswells series, consisting of humus-iron podzols, is restricted 
to the south side of the Langwell Water where it occupies less than one 
square kilometre. The soils occur on steep slopes under birch woodland 
and are freely drained, although the mapping unit contains a few wet 
flushes. A small area of this series on a moderate slope, cultivated at one 
time, now supports a bracken-dominated vegetation. 


Profile Description 

Slope steep 
Vegetation birch woodland 
Drainage Class free 


Horizon Depth 
LandF 10-8 cm Plant remains. 


H 8—0 cm Black (1OYR2/1) fibrous humus;. many roots; frequent bleached 
quartz grains and rock particles; sharp change into 
A, 0-10 cm Brown (7-5YRS5/2) gritty sandy loam; weak medium subangular 


blocky; friable; moderate organic matter; frequent roots; frequent 
stones; moist; clear change into 

A/B 10-20 cm Dark reddish brown (SYR2/2) sandy loam; weak medium sub- 
angular blocky; firm or friable; moderate organic matter; frequent 
roots; frequent stones; moist; clear change into 

B, 20-30 cm _ _— Strong brown (7-5YR5/6) sandy loam; weak medium subangular 

‘ blocky; friable; low organic matter; few roots; frequent subangular 

stones; moist; sharp change into 

B; 30-60 cm Brown (7-SYR4/4) sandy loam; weak coarse platy; very firm; 
moderate induration; no roots; frequent subangular stones; moist; 
clear change into ‘ 

Cc 60-70 cm+ Brown (7-5YR4/4) sandy loam or loamy sand; weak medium sub- 
angular blocky; friable; frequent or many subangular stones; 
moist. 


The H horizon consists of up to 10 centimetres of black fibrous humus 
in which bleached grains and rock particles are common. Beneath this is 
a brown, weakly structured, friable A, horizon between 5 and 15 centi- 
metres thick. It has a sandy loam texture and contains many granite 
particles which impart a grittiness to the texture. The A/B horizon, about 
10 centimetres thick, is a dark-coloured zone of humus-iron deposition 
which is often firm and compact. The B, horizon has a strong brown 
colour and a friable consistence. There is an abrupt change from the B, 
horizon into the paler B; horizon in which coarse platy structure and 
induration are the dominant features. Other features of the B, horizon, 
which occur in the indurated horizons of other soils in the area, are the 
coatings of finer material around stones and the presence of fine pin- 
holes or pores. The degree of induration is greatest at the top of the hori- 
zon and decreases gradually downwards; induration is generally absent 
below 60 centimetres, where there is a clear change into the friable sandy 
loam or loamy sand C horizon. 
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CHARR SERIES 


The Charr series, comprising peaty podzols, is present in the Langwell 
Valley and to a lesser extent at Ousdale, and covers less than one square 
kilometre. The soils occur on moderate or moderately steep slopes, usually 
under wet Calluna moor vegetation, but occasionally they are found in 
the vicinity of the Countesswells series on steep slopes under dry Calluna 
moor. The natural drainage of the Charr series is free below the iron pan 
and poor above. 


Profile Description 

Slope moderate or moderately steep 

Vegetation wet Calluna moor 

Drainage Class free below B, 

Horizon Depth 

LandF trace Calluna and moss remains. 

H, 30-15 cm ‘Dark reddish brown (SYR2/2) slightly humified fibrous peaty 
humus; strong vertical cracks; firm; many roots, particularly in 
cracks; clear change into 

H, 15—0 cm Black (10YR2/1) medium humified amorphous peaty humus; 
plastic; frequent roots; clear change into 

A, 0-10 cm Dark reddish brown (5YR2/2) humose sandy loam; moderate 


medium subangular blocky; friable; high organic matter; frequent 
roots; many bleached quartz grains and few small fragments of 
granite; moist; sharp change into 

Aig 10-20 cm __— Dark greyish brown (10YR4/2) sandy loam with dark reddish 
brown (S5YR2/2) staining in upper part of horizon; moderate 
medium subangular blocky; firm; moderate organic matter; fre- 
quent roots; frequent small stones; moist; sharp change into 

B, 20 cm Thin iron pan with root mat on upper surface. 

B, 20-45 cm _—_- Yellowish brown (10YR5/6) sandy loam; weak coarse platy; very 
firm; strong induration; no roots; frequent subangular stones; 
moist; clear change into 

B,/C 45—75 cm+ Brown (7-5YR4/4) sandy loam or loamy sand; massive; firm or 

; friable; frequent or many subangular stones; moist. 

The peaty surface layer varies in thickness from 10 to 50 centimetres. 
The division into H, and H, horizons, and the development of coarse 
vertical cracks on drying out, are characteristic of H horizons of peaty 
podzols in general. The presence of an A, horizon appears to be much 
more common in this series than in other peaty podzols. It is between 8 
and 15 centimetres thick and consists of a mixture of raw humus with 
bleached quartz grains and small angular granite particles. The thickness 
of the A, and A,g horizons together usually amounts to 20 centimetres 
or so. The properties of the A,g horizon are very similar to those described 
for the Berriedale series, with dark brown organic staining in the upper 
part and pale grey gleyed pockets above the pan. Sometimes there is a very 
dark A/B horizon. An iron pan with a root-mat on its upper surface is 
nearly always present. The indurated B,; horizon, which occurs immed- 
iately beneath the iron pan, is yellowish brown (in contrast to the reddish 
brown of the Berriedale series) although occasionally the top 2 or 3 centi- 
metres of the horizon have a higher chroma. The texture is a sandy loam 
and the structure coarse platy. Induration sometimes continues into the 
brown B,/C horizon if the parent material is not too stony, but other- 
wise it fades out at less than 60 centimetres. 
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The Dunnet Association 


The soils of the Dunnet Association are developed on sandstones of 
Upper Old Red Sandstone age. They cover 5 square kilometres and are 
restricted to the Dunnet Head peninsula. The parent material is a friable 
weathered sandstone which is well-bedded and jointed and breaks down 
to produce material of sandy texture. Sometimes, hard rock is present at 
or near the surface. The soils, which occur under a mean annual rainfall 
of between 750 and 900 millimetres, are peaty podzols of the Dunnet 
series. 


DUNNET SERIES 


The Dunnet series occurs on the moderately steep scarp slopes and on the 
more exposed ground of Dunnet Head, with deep peat occupying the 
intervening gently sloping ground. The vegetation on these soils is usually 
wet Calluna moor, but some of the exposed hill tops have Cal/luna-lichen 
heath. The natural soil drainage is invariably free below the iron pan. 


Profile Description 

Slope moderately steep 

Vegetation wet Calluna moor 

Drainage Class free below B, 

Horizon Depth 

LandF trace Calluna and moss remains. 

H, 30-—15cm___— Dark reddish brown (SYR2/2) slightly humified fibrous peaty 


humus; strong vertical cracks; firm; many roots, particularly in 
cracks; frequent bleached sand grains; clear change into 

H, 15—0 cm Black (10YR2/1) medium humified amorphous peaty humus; 
strong vertical cracks; firm; many roots, particularly in cracks; 
many bleached sand grains; sharp change into 

Ao 0-15 cm Reddish grey (SYR5/2) loamy sand or sand with dark reddish 
brown (SYR2/2) staining; weak medium subangular blocky; friable; 
low organic matter; few roots; few small angular and subangular 
pieces of bleached sandstone; moist; sharp change into 


A/B 15—20 cm __ Black (SYR2/1) loamy sand or sand; massive; very firm; moderate 
organic matter; few roots; no stones; moist; sharp change into 

B, 20 cm Thin iron pan. 

B, 20-25 cm = Strong brown (7-5YR5/8) loamy sand or sand; weak medium sub- 


angular blocky; friable; low organic matter; few roots; no stones; 
moist; clear change into 

B,/C 25—75 cm+ Yellow (10YR7/6) weathered sandstone; dark staining on faces of 
joints and bedding planes. 


On the steeper scarp slopes the peaty surface layer is generally between 
30 and 50 centimetres thick. It has dried out considerably and coarse 
vertical cracks have formed. Bleached sand grains are abundant, partic- 
ularly in the H, horizon. On the more exposed sites the H horizon is thin 
or absent, and is replaced by a humose sandy loam A, horizon. The A,g 
horizon, from 15 to 30 centimetres thick, is a greyish loamy sand or sand 
with dark organic staining. Sandstone fragments within this horizon are 
strongly bleached. A thin A/B horizon of humus enrichment consisting 
of black loamy sand or sand usually lies below the A,g horizon. The iron 
pan, a normal feature of the profile, is sometimes wavy, with strongly 
gleyed material occurring at the bottom of the pockets. The B, horizon 
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is a thin horizon of strong brown or reddish yellow friable loamy sand 
with weak structure. Below it, yellow friable rock with dark organic stain- 
ing on the faces of the joints and bedding planes passes downwards into 
harder rock. 

Hard rock sometimes lies close to the surface and consequently profiles 
are shallow. They generally have no A/B horizon, and the iron pan is on 
top of the hard rock. The colour of the upper few centimetres of the hard 
rock is often strong brown or reddish yellow, similar to that of the B, 
horizon of the normal profile. The soils on the exposed summit of Dunnet 
Hill under Calluna-lichen heath, are shallow and stony, and without an 
iron pan. 


The Durnhill Association 


Soils of the Durnhill Association have previously been mapped in 
Banffshire and in Aberdeenshire (Glentworth, 1954; Glentworth and 
Muir, 1963; Heslop and Bown, 1969) where they are developed on 
parent materials derived from quartzite or highly quartzose rocks of 
the Highland Schist formation. In the area under review, soils of this 
association occur on Scaraben and on the nearby hills of Meall na 
Caorach, Meall Dhonuill and Creag na-h-Iolaire; altogether they cover 
about 2 square kilometres. 

The parent material is frost debris derived predominantly from the 
Moinian Scaraben Quartzite, but sometimes from the Middle Old Red 
Sandstone quartzite breccia occurring along the northern slope of the 
Scaraben ridge. It consists of mountain-top detritus and scree; in the 
former, vertical sorting by a process of alternate freezing and thawing 
has taken place, producing a surface layer of angular quartzite stones 
overlying material of sandy loam or fine sandy loam texture. The 
soils, which occur under a mean annual rainfall of between 1000 and 
1150 millimetres, are the Scraulac series (subalpine podzols) and 
skeletal soils. 


SCRAULAC SERIES 


The Scraulac series comprises freely drained subalpine podzols developed 
on mountain-top detritus. It covers just under one square kilometre 
on the level to moderate slopes above 300 metres (1000 feet) on the 
summit ridge of Scaraben and above 225 metres (750 feet) on other 
nearby quartzite hills. The vegetation cover, predominantly Rhacomitrium 
heath but sometimes Calluna-lichen heath, is patchy in distribution, 
much of the ground being devoid of plant cover. 


Profile Description 


Slope gentle or moderate 

Vegetation Rhacomitrium heath or Calluna-lichen heath 

Drainage Class free 

Horizon Depth 

L and F trace Plant remains. 

H 8—0 cm Black (10YR2/1) fibrous humus; frequent roots; few small 


bleached quartzite stones and sand grains; clear change into 
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Horizon Depth 

A, 0-23 cm Angular quartzite stones with interstitial brown (7-5YR5/2) 
gritty coarse sand; single-grain; loose; low organic matter; 
frequent roots; fine sand coatings on upper surfaces of stones; 
moist; sharp change into 

A/B 23—30 cm _— Dark reddish brown (SYR3/2) gritty sandy loam; weak medium 
subangular blocky; friable; moderate organic matter; few roots; 
frequent small subangular quartzite stones; moist; clear change 
into 

B/C 30-90 cm+ Brown (7-5YR5/4) sandy loam; moderate medium subangular 
blocky; friable; low organic matter; few roots; frequent quartzite 
stones, becoming many with depth; fine sand cappings on 
stones; moist. 

The H horizon is from 5 to 10 centimetres thick and consists of 
black humus with a few bleached quartzite particles and sand grains. 
Sometimes it is replaced by an A, in which a higher proportion of 
mineral material is present. The A, horizon is formed in the stone layer. 
Its thickness is variable and is sometimes as much as 60 centimetres. 
Very little fine material is present, the bulk of the horizon being 
composed of angular quartzite stones up to 15 centimetres in size, 
with a few larger ones. Many of the stones have cappings of fine sand. 
The horizon is extremely loose and structureless. The underlying 
horizons are formed in material of moderately coarse texture, separated 
from the stone layer above by a sharp boundary. The A/B horizon is 
a dark reddish brown friable sandy loam up to 8 centimetres thick; 
sometimes the upper part is black, due to humus enrichment. The 
material below the A/B horizon shows little differentiation and consists 
of a brown or yellowish brown friable sandy loam, sometimes with a. 
weak platy structure. Stones become more abundant with depth, the 
upper surfaces being coated with fine sand and the lower surfaces 


clean. 


SKELETAL SOILS 


The skeletal soils of the association, predominantly peaty rankers, 
amount to one square kilometre, with distribution similar to that of 
the association. They occur mainly on the steep or very steep scree 
slopes which are stable, weakly terraced and only partly covered with 
vegetation. The profile consists of 20 to 25 centimetres of peaty 
humus overlying very stony scree material, although the peaty layer 
has a patchy distribution and there is much bare scree. Vegetation, 
where present, is dominated by Calluna. Skeletal soils have also been 
mapped on the outcrops of quartzite breccia on the northern face of 
Scaraben, where a patchy cover of peaty humus overlies bare rock. 


The Fraserburgh Association 


Soils of the Fraserburgh Association, previously described in Aberdeenshire 
(Glentworth and Muir, 1963) and in East Lothian (Ragg and Futty, 1967), 
are developed on the wind-blown deposits of shelly sand which occur 
locally around some of the more open shallow. bays of the Northern 
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Plain. The association covers 15 square kilometres, the largest expanse 
being at Dunnet Bay, where it extends inland for nearly 4 kilometres 
and rises to 55 metres (181 feet) on Couper Hill. It is also present at 
Sinclair’s Bay and, to a much lesser extent, at Murkle, Huna, John 
o’ Groats and Freswick. 

Deposits are of three types—high, undulating mobile dunes which 
fringe the coast, fixed dunes which form low moundy topography, 
and flat areas of sand which overlie till or peat at depths of about 
one metre. In the last type shell fragments are coarser and more abundant 
than in the dune sand. Crampton and Carruthers (1914) noted two 
distinct types of blown-sand landscape. At Dunnet Bay and Sinclair’s 
Bay high mobile dunes are backed by extensive sand flats, whereas at 
Freswick there is a more uniform topography of low moundy fixed 
dunes. These differences they ascribe to the nature and slope of the 
surfaces onto which the sand has been blown. 

The soils occur under a mean annual rainfall of 750 to 900 millimetres. 
The mapping units consist of the Fraserburgh series (brown calcareous 
soils) developed on fixed dunes, the Whitelinks series (calcareous gleys) 
on the sand flats, the Whitelinks complex (a complex of the two series) 
and skeletal soils which occur on the mobile dunes. 

The soils are characterized by their sandiness and the presence of 
shell fragments. The soils are all calcareous, but the pH values at the 
surface are variable and depend on the balance between loss of calcium 
through leaching and gain by the further addition of wind-blown 
material; with increasing distance from the sea addition of wind-blown 
sand is less, and the surface horizon is more leached. This is particularly 
well exemplified.at Dunnet Bay where pH 8-1 (in water) was recorded 
on the coastal dunes, pH 7-6 (Whitelinks series) and pH 7-5 (Fraserburgh 
series) recorded 400 metres inland, and pH 6-3 (Whitelinks series) 
and pH 5-4 (Fraserburgh series) at 3 kilometres inland. Podzolization 
in Whitelinks series occurs locally in the north-east part of Dunnet 
Links. 

Land use on these soils is predominantly rough grazing, but there is 
also a Forestry Commission plantation at Dunnet. At one time the 
shelly sand was used extensively throughout the county as a source of 
lime for agriculture. 


FRASERBURGH SERIES 


The Fraserburgh series consists of freely drained brown calcareous soils. 
It covers 5 square kilometres and its distribution is the same as for 
the association as a whole. The soils are developed on low fixed dunes 
and support a dune pasture vegetation. This series is also a component 
of the Whitelinks complex. 


Profile Description 

Slope gentle 

Vegetation Festuca rubra dune grassland 
Drainage Class free 
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Horizon Depth 

A 0-15 cm Very dark brown (L0YR2/2) humose sand; weak medium sub- 
angular blocky; friable; moderate organic matter; many roots; 
moist; sharp change into 

B 15—40 cm Brown (7:5YR5/4) sand; weak medium subangular blocky or 
single-grain; friable or loose; low organic matter; frequent roots; 
frequent shell fragments; moist; clear change into 

Cc 40—100 Very pale brown (10YR7/4) sand; weak medium blocky or single- 

cm+ grain; friable or loose; frequent roots, becoming few with depth; 

many shell fragments; moist. 


The very dark brown A horizon, up to 25 centimetres thick, is composed 
of sand and organic matter. The structure is weak, the soil aggregates 
being formed of sand grains held together by extremely abundant fine 
roots. A few fine shell fragments are present. The B horizon consists of 
brown sand with frequent fine shell fragments and it is usually weakly 
coherent. The paler C horizon is similar, but shell fragments are more 
abundant. Strong brown or yellowish red mottles sometimes appear at 
depths below about 90 centimetres and mark the zone of fluctuating 
ground-water levels. Thin dark bands, usually less than one centimetre 
thick, are sometimes present; these contain organic matter and represent 
periods of stability during which a vegetation became established at the 
surface of the deposit and a rudimentary A horizon was formed. 

Profiles without discernible B horizons have also been included in this 
series. They are classified as pararendzinas (Kubiena, 1953) and are pro- ° 
bably somewhat younger than the brown calcareous soils. 

Middens, associated with prehistoric or historic settlements along the 
coast, are frequently encountered in areas of the Fraserburgh series. They 
consist of dark greyish brown loamy sand material containing numerous 
whole shells, particularly limpets, together with a variety of bones, bone 
fragments and teeth; large stones are sometimes present. These middens 
are often overlain by a later accumulation of sand. Particularly good 
examples are exposed along the coast at Freswick. 


WHITELINKS SERIES 


The Whitelinks series comprises poorly drained calcareous ground-water 
gleys. It is found mainly at Dunnet Bay and Sinclair’s Bay, and covers a 
total of 6 square kilometres. The soils are developed on the extensive flat 
areas of coarse shelly sand which overlie till or peat at depths of about one 
metre, but they also occur in dune slacks. Vegetation on these soils is 
generally a pasture extremely rich and varied in species. Whitelinks series 
is also a component of the Whitelinks complex. 


Profile Description 

Slope ; level 

Vegetation Carex pasture 

Drainage Class poor 

Horizon Depth 

A 0-15 cm Very dark brown (10YR2/2) humose sand; weak medium sub- 


angular blocky; friable; moderate organic matter; many roots; 
moist; sharp change into 
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Horizon Depth 

B(g) 15-40 cm _— Pale brown (10YR6/3) sand with few coarse distinct strong brown 
(7:-SYR5/8) mottles; weak medium subangular blocky; friable or 
loose; low organic matter; frequent roots; many shell fragments; 
moist; clear change into 

Cig 40-60 cm _ Light brownish grey (10YR6/2) sand with frequent coarse distinct 
yellowish red (SYR5/8) and yellowish brown (10YR5/8) mottles; 
weak medium subangular blocky; friable or loose; few roots; 
many shell fragments; wet; clear change into 

C22 60—100 Grey (5Y5/1) sand; weak medium subangular blocky; friable or 

cm+ loose; few roots; many shell fragments; wet. 


The profile morphology of the Whitelinks series reflects its development 
under a fluctuating ground-water table. The A horizon is very similar to 
that of the freely drained Fraserburgh series. The B(g) horizon, however, 
is paler and has coarse mottles of high chroma. This horizon becomes 
waterlogged throughout the winter months when the water-table is at its 
highest. The Cg horizon is greyer than the C horizon of the Fraserburgh 
series and contains mottles of high chroma in the upper part; with depth 
it becomes darker, unmottled, and permanently waterlogged. At a depth 
of about one metre the sand is underlain by till or peat. Laminated sedge 
peat occurs in one locality at Keiss Links at a depth of about 75 centi- 
metres. Occasionally the soils are very poorly drained and the profile is 
waterlogged up to the base of the A horizon, the usual B(g) horizon being 
then replaced by a greyer, mottle-free, wet Bg horizon. 

On the Links of Dunnet, to the south of Couper Hill, podzolization is 
taking place under a patchy distribution of maritime heath dominated by 
Calluna. This profile, considered to be a podzolized ground-water gley, 
consists of thin litter, raw humus and A, horizons, about 5 centimetres 
of greyish A, horizon, and a strong brown B, horizon 12 centimetres 
thick. Below 20 centimetres the horizons consist of wet unmottled sand, 
similar to that of the Cg horizons described above. 


WHITELINKS COMPLEX 


The Whitelinks complex (Fig. 14), mapped only at Dunnet Bay, covers 2 
square kilometres. It occurs where almost flat areas of sand (Whitelinks 
series) are partly overlain by small low stable micro-dunes (Fraserburgh 
series). 


FR - Fraserburgh series WL - Whitelinks series 


Fic. 14 Soil Pattern in the Whitelinks Complex 


SKELETAL SOILS 


Skeletal soils covering 2 square kilometres have been mapped on the 
coastal fringe of strongly undulating sand dunes at Dunnet Bay and at 
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dinclair’s bay. Lney mostly support a partial vegetation cover of Ammo- 
pDhila arenaria (marram grass) but occasionally the cover is complete, 
with additional species such as Poa pratensis and Festuca rubra. 


Profile Description 

Slope steep 

Vegetation Ammophila arenaria dune grassland 

Drainage Class free 

Horizon Depth 

Cc - 0—120 cm+ Very pale brown (10YR7/3 or 7/4) sand; single-grain; loose; low 


organic matter; frequent roots; frequent shell fragments; moist. 


These soils consist of shelly dune sand in which there is no differentiation 
into horizons. They are excessively drained, and the material is non- 
coherent. Occasionally, however, there is incipient A horizon formation 
at the surface if the vegetation cover has stabilized the sand sufficiently. 
Thin buried A horizons similar to those found in the Fraserburgh series 
are sometimes present. 


The Shielton Association 


The soils of the Shielton Association are developed on fluvioglacial sand 
and gravel derived from the Caithness Flagstone Series strata. Their distri- 
bution is extremely local, inextensive, and, with one or two minor excep- 
tions, confined to the Northern Plain. Altogether they cover just over one 
square kilometre. 

The sand and gravel deposits occur as sporadic ridges, mounds, or level 
or moundy terraces. They are found near Halsary and in the valleys of 
the Burn of Acharole, the Wick River and the River Thurso. The parent 
material varies in texture from loamy sand to coarse sandy gravel. The 
gravel, which is sometimes fine, is composed mainly of subrounded sand- 
stones, with some tabular flagstones. Depending on the form of the 
deposit, the soils are present either on steep slopes or on level or slightly 
moundy ground. All occur under a mean annual rainfall of between 750 
and 900 millimetres. Two soil series, the Halsary series (cultivated podzols) 
and the Shielton series (peaty podzols), have been mapped. 


HALSARY SERIES 


The Halsary series comprises freely drained soils classified as cultivated 
podzols but probably representing peaty podzols which have been re- 
claimed for agriculture. They amount to only one square kilometre, and 
their distribution is the same as for the association as a whole. The soils 
are either cultivated or support an acid grassland vegetation. 

Profile Description 


Slope gentle or moderate 

Vegetation arable crop 

Drainage Class free 

Horizon Depth 

S 0—20 cm Dark brown (7:5YR3/2) loam; strong fine crumb; friable; high 


organic matter; many roots; frequent small stones; moist; clear 
change into 

B, 20-40 cm__— Brown (7:5YR4/4) or strong brown (7-5YR5/6) gravelly loamy 
sand; single-grain; loose; low organic matter; frequent roots; many 
small stones, predominantly subrounded and tabular sandstone; 
moist; clear change into 
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Horizon Depth 


B, 40-75 cm _ Brown (7-5YR4/4) gravelly loamy sand; single-grain; loose; few 
roots; many small stones; moist; gradual change into 
Cc 75—100 Very pale brown (10YR7/4) gravelly coarse sand; single-grain; 
cm+ loose; no roots; many small stones; moist. 


The S horizon, usually between 20 and 30 centimetres thick, consists of a 
dark brown friable loam or sandy loam with a fine crumb structure. Be- 
low this is a brown or strong brown, coarse-textured B, horizon which is 
usually structureless (single-grain) and loose, although occasionally weak 
cementation is present. Organic staining sometimes occurs in the upper 
part of the horizon. The brown B; horizon merges gradually into a paler 
C horizon at about 75 centimetres. Texture is variable in the B and C hor- 
izons, reflecting the original bedding of the deposit; either sand or gravel 
can predominate. An iron pan, or the traces of one, sometimes occurs at 
the boundary between the S and B, horizons. 


SHIELTON SERIES 


The Shielton series comprises peaty podzols. It is inextensive, covering 
less than one square kilometre, and it occurs mainly near Shielton and 
along the Wick River. The vegetation is frequently dry Calluna moor, and 
the soils are freely drained below the B, horizon. 


Profile Description 


Slope moderate 

Vegetation dry Calluna moor 

Drainage Class free below B, 

Horizon Depth 

LandF trace Calluna remains. 

H 15—0 cm Dark reddish brown (SYR2/2) slightly humified fibrous peaty 


humus; firm; frequent roots; moist; sharp change into 

Ai(g) 0-15 cm Dark reddish brown (SYR2/2) sandy loam; moderate medium 
subangular blocky; firm; high organic matter; frequent roots; few 
small stones; moist; sharp change into 

B, 15 cm Thin iron pan. 

B, 15-30 cm _—_— Strong brown (7-5YR5/6) gravelly coarse sand with dark reddish 
brown (5YR3/3) staining; single-grain; loose; low organic matter; 
few roots; frequent or many small subrounded stones, predom- 
inantly sandstone; moist; clear change into 


B; 30-75 cm _ Brownish yellow (10YR6/6) gravelly coarse sand; single-grain; 
loose; no roots; many small subrounded stones; moist; clear 
change into 

Cc 75—100 Very pale brown (10YR7/4) gravelly coarse sand. Similar to above 

em+ horizon. 


The peaty surface horizon is usually less than 30 centimetres thick. 
The dark colour of the A,(g) horizon reflects a high content of organic 
matter, and gleying is not readily apparent. The iron pan, however, is 
usually well-developed and often has a root-mat on its upper surface. 
The B, horizon has a high chroma, and dark organic staining is common. 
Typically, the horizon is noncoherent and loose, but sometimes 2 or 3 
centimetres of firm, weakly cemented material occur immediately beneath 
the iron pan. The B; horizon, occasionally weakly indurated, is normally 
noncoherent and loose, and passes downwards into a paler C horizon at 
about 75 centimetres. 
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The Strichen Association 


The Strichen Association, previously described in Banffshire (Glentworth, 
1954), in Aberdeenshire (Glentworth and Muir, 1963), and in Perthshire 
(Laing, 1976), comprises soils developed on parent materials derived 
from acid schists. It occurs extensively throughout the Highland region 
of Scotland, an area predominantly of Moinian and Dalradian meta- 
morphic rocks. In the area under review, soils of this association have been 
mapped in the district between Berriedale and Scaraben, where they 
cover 8 square kilometres. 

The parent material is mainly a dark yellowish brown stony till of loamy 
sand or sandy loam texture, derived from the Moinian granulitic quartz- 
biotite-schist, with some quartzite and mica-schist also present. The till is 
sometimes thin, overlying shattered angular rock at 50 centimetres or so. 
Near Scaraben it contains a greater amount of quartzite. A till of loam 
texture, derived predominantly from mica-schist, occurs locally, in which 
the stones are often soft and decomposed. Thicker deposits of a sandy 
clay loam till are found in the valley of the Berriedale Water, but this 
type of till is mostly overlain by the stony till. 

The soils occur under a mean annual rainfall of 1000 to 1150 millimetres 
on ground ranging from 90 to 381 metres (300.to 1250 feet). There are 
three soil series; the Fungarth series (brown forest soils) on the lower 
steeper slopes, the Gaerlie series (peaty podzols) on the moderate to steep 
slopes, and the Anniegathel series (noncalcareous gleys) in the wetter 
flushed hollows. 


FUNGARTH SERIES 


The Fungarth series comprises freely drained brown forest soils. It occurs 
on moderately steep or steep slopes above the Langwell and Berriedale 
Waters, and covers less than one square kilometre. The parent material 
is a stony till overlying a finer textured till. The soils support either A grostis- 
Festuca acid grassland vegetation with abundant Preridium (bracken), or 
birch woodland; none are now cultivated, but on some of the less-steep 
slopes rig and furrow markings provide evidence of past cultivation. 


Profile Description 


Slope moderately steep 

Vegetation Agrostis-Festuca acid grassland 

Drainage Class free 

Horizon Depth 

A 0—30 cm Dark brown (10YR3/3) loam; moderate medium subangular blocky; 


friable; moderate organic matter; many roots, frequent bracken 
rhizomes; few small stones; moist; clear change into 


B, 30—40 cm Brown (10YR4/3) loam; weak medium subangular blocky; firm; 
low organic matter; frequent roots; frequent small stones; moist; 
clear change into 

B, 40—75 cm Dark yellowish brown (10YR4/4) loamy sand, structure obscured 


by stones; friable, weak induration; few roots; many stones, 
predominantly subangular schist; moist; gradual change into 


€, 75—100cm Dark yellowish brown (10YR4/4) loamy sand. Similar to above 
horizon but not indurated and no roots. Clear change into 
Cc, 100—120 Brown (10YR5/3) sandy clay loam; massive; firm; frequent 


cm+ stones, predominantly subangular schist; moist. 


i 


PLATE I/Bilbster Series, deep phase, a cultivated podzol developed on morainic till. The 
relatively uniform brown colour throughout the profile indicates the soil is freely drained. 


Contrast with Plate III. 


PLATE II/Camster Series, intermediate phase, a peaty podzol developed on thin stony till. 


Ill 1V 


PLATE III/Thurso Series, a noncalcareous gley developed on till of moderately fine tex- 
ture. The predominant grey colours and ochreous mottles indicate poor drainage. Contrast 


with Plate I. 


PLATE IV/Olrig Series, a peaty gley developed on till of moderately fine texture. 
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The main feature of these soils is. the fairly uniform brown colour 
throughout the profile. The A horizon, about 30 centimetres thick, is a 
dark brown, friable loam containing many fine roots and frequent 
bracken rhizomes. In the example described above, a brown loamy B, 
horizon overlies a stony, friable but weakly indurated, coarse-textured B, 
horizon. The C, horizon is similar to the B, horizon but is not indurated. 
At 100 centimetres the change in texture from loamy sand to sandy clay 
loam represents the boundary between the two types of till. The finer 
textured till has a lower stone content than the coarser textured till. 


GAERLIE SERIES 


The Gaerlie series consists of peaty podzols and is the most extensive of 
the association, covering 7 square kilometres of country to the south and 
south-east of Scaraben. The parent material is a stony till of coarse or 
moderately coarse texture. The soils occur on moderate to steep slopes 
under wet Calluna moor vegetation; they are associated with blanket peat, 
which occurs on the intervening gently sloping ground. Natural drainage 
is free below the B, horizon. 


Profile Description 

Slope moderate to steep 

Vegetation wet Calluna moor 

Drainage Class free below B, 

Horizon Depth 

LandF trace Calluna and moss remains. 

H, 30-15cm Dark reddish brown (SYR2/2) slightly humified fibrous peaty 


humus; strong vertical cracks; firm; many roots, particularly in 
cracks; clear change into 

H, 15—0 cm Black (10YR2/1) medium humified amorphous peaty humus; 
plastic; frequent roots; sharp change into 

Aog 0-10 cm Dark greyish brown (10YR4/2) sandy loam; weak medium 

subangular blocky; firm; moderate organic matter; frequent roots; 
frequent small stones; moist; sharp change into 

\ 10cm Thin iron pan. 

B,/C 10-75cm+ Dark yellowish brown (10YR4/4) sandy loam; weak medium 
angular blocky; friable; weak induration in upper part of horizon; 
low organic matter; few roots; many stones, predominantly sub- 
angular schist; moist. 


The surface layer of organic matter, usually about 30 centimetres thick, 
consists of an upper fibrous peaty humus and a lower amorphous plastic 
peaty humus, a feature typical of most peaty podzols occurring in the 
area. The A,g horizon, generally about 10 centimetres but occasionally 
as much as 30 centimetres thick, is a dark greyish brown sandy loam with 
dark organic staining in the upper part, and paler colours due to gleying 
in the lower part, above the iron pan. On the lower slopes of Scaraben 
many bleached quartzite stones and grit particles are present in this 
horizon. The iron pan is invariably a feature of the profile. Below it, a 
strong brown friable B, horizon is sometimes present, but more commonly, 
as in the profile described above, the B, horizon is absent. Generally there 
is little distinction between the B, and C horizons. Weak induration can 
‘occur in the B, horizon, but induration does not appear to be a feature of 
these Gaerlie series profiles, although it has been widely reported elsewhere. 


F 
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ANNIEGATHEL SERIES 


The Anniegathel series consists of poorly drained noncalcareous gleys. It 
covers less than one square kilometre and is present in the Berriedale 
district. The parent material is a till of sandy loam or sandy clay loam 
texture. The soils occur on gentle or moderate slopes, often in flushed sites 
under Juncus-dominated vegetation. 


Profile Description 

Slope gentle or moderate 
Vegetation wet pasture 
Drainage Class poor 


Horizon Depth 

A(g) 0-15 cm Dark greyish brown (10YR4/2) loam with few fine distinct dark 
reddish brown (SYR2/2) mottles; moderate medium subangular 
blocky; firm; moderate organic matter; frequent roots; few stones; 
moist; clear change into 

B.g 15-30 cm = Greyish brown (I0YR5/2) sandy loam with few fine distinct 
strong brown (7-5YRS5/8) mottles; moderate medium subangular 
blocky; friable; low organic matter; frequent roots; frequent 
stones, some strongly weathered, predominantly schist; moist; 
clear change into 

Bg 30—60 cm Greyish brown (10YR5/2) sandy loam with many coarse distinct 
strong brown (7:5YRS5/8) patches of weathered rock; weak medium 
subangular blocky; friable; few roots; many stones, some strongly 
weathered, predominantly schist; moist; gradual change into 

Cg 60-90 cm+ Greyish brown (10YR5/2). Similar to above horizon but stones 
less weathered and no roots. 


The A(g) horizon, between 15 and 25 centimetres thick, is a dark greyish 
brown loam with a few fine mottles of reddish hue commonly occurring 
along root channels. The B,g horizon is a stony friable sandy loam with 
a subangular blocky structure and slight mottling associated with strongly 
weathered stones. The B;g is similar, but the structure is weaker and 
mottling more pronounced. In the Cg horizon, the degree of mottling is 
less, the stones are less weathered, and the texture sometimes is coarser. 
The profile described above is typical of those soils which are developed 
on the stony till. The soils developed on the till of sandy clay loam texture 
usually have fine textures in the B and C horizons, and are less stony. 


The Thurso Association 


The Thurso Association comprises soils developed on parent materials 
derived from rocks of the Caithness Flagstone Series. It is by far the 
most extensive soil association in the area, and the soils, which cover 
509 square kilometres or 44 per cent of the area, are predominant throughout 
the Caithness Plain. 

The parent materials are a till of moderately fine texture, a till of 
moderately coarse or medium texture, and a morainic till of coarse or 
moderately coarse texture. The most widespread is a greyish brown compact 
till of moderately fine texture usually about a ‘metre thick but often thinner 
on higher ground. Much thicker deposits of this till occur as infillings of 
valleys and bays, many of which have now been partly re-excavated; at 
Thurso Bay the till is more than:30 metres thick. Below 120 to 200 centimetres 
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the till is dark grey, unweathered and calcareous. The calcareous nature 
is due partly to the presence of shell fragments, but mainly to the pre- 
dominantly carbonate-bearing rocks from which the till has been derived. 
The upper part of the till, however, in which the soil profiles are developed, 
is generally weathered to a greyish brown colour, is invariably leached, 
and does not contain shell fragments. Much of the till makes up what is 
commonly known as the shelly boulder clay. The texture at a depth of 
approximately 80 centimetres is normally sandy clay loam. 

On the lower ground along the Thurso and Wick Rivers a layer of 
partially sorted material sometimes overlies the till. This material varies 
in thickness from a few centimetres to one metre or more; typically it has a 
coarse or moderately coarse texture, but thicker deposits occur which are 
weakly stratified and include bands of sandy clay loam and silt loam. It is 
probably alluvial in origin. 

The stony till is a shallow deposit between 50 and 100 centimetres thick. 
It has a scattered distribution throughout the Northern and Southern Plains 
and is commonly associated with steeper slopes or rock ridges. This type 
of till has a texture of sandy loam, loam or sandy clay loam, and often 
contains many tabular stones orientated parallel to the slope. It is more 
friable than the compact till, although induration generally occurs in the 
upper part. 

The morainic till occurs locally in the Northern Plain and is associated 
with moundy topography. In some respects it is similar to the stony till 
but it has a thickness of more than one metre, and the texture, usually loamy 
sand or sandy loam, is coarser. This till is often seen to overlie the till of 
moderately fine texture. Sometimes there is a very stony upper layer in 
which large tabular sandstone boulders lie almost parallel to the ground 
surface. In the western part of the area the morainic till contains some 
subangular and subrounded granite stones. 

The soils of this association occur under a mean annual rainfall varying 
from less than 750 millimetres in the Wick district to over 900 millimetres 
in the west of the area. Five soil series and four soil complexes have been 
distinguished. The Bilbster series (cultivated podzols) and the Camster 
series (peaty podzols) are developed on the stony or morainic till, the Thurso 
series (noncalcareous gleys) and the Olrig series (peaty gleys) are formed 
on the finer textured compact till, and the Sibster series (noncalcareous gleys) 
occurs on the till with a partially sorted upper layer. The soil complexes are 
the Bilbster complex (the deep phase of the Bilbster series and colluvium), 
the Camster complex (the intermediate and shallow phases of the Camster 
series and peat), the Achavanich complex (the intermediate and shallow 
phases of the Camster series, the Olrig series and peat) and the Ulbster 
complex (the intermediate and shallow phases of the Bilbster series, the 
Thurso series and colluvium). 


BILBSTER SERIES 

The Bilbster series comprises freely and imperfectly drained soils which have 
been reclaimed from peaty podzols, but a long history of cultivation has 
left little or no trace of their former surface horizons. These soils are 
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now classified as cultivated podzols. Because the drainage class of these 
soils can vary over short distances, no separation into freely and imperfectly 
drained classes has been made, and the soils have been considered as 
forming one soil series. Three phases have been distinguished according 
to the nature and thickness of the parent material. The intermediate phase, 
which is the most widespread, is developed on the thin stony till, bed-rock 
occurring within profile depth. Associated with the intermediate phase 
are areas where the drift cover is extremely thin or absent, and bed-rock 
_ is present at less than 30 centimetres, usually immediately below the S 
horizon; such soils constitute the-shallow. phase. The third phase separ- 
ated, the deep phase, consists of soils developed on the coarser textured 
morainic till where the depth of material is greater than one metre. 
Altogether, the Bilbster series covers 76 square kilometres. 


Shallow phase 

The shallow phase of the Bilbster series occurs in relatively drift-free 
areas, and the profile consists essentially of an S horizon overlying rock. 
Usually the rock is present at depths between 20 and 30 centimetres although 
occasionally as much as 45 centimetres. This phase, which covers 23 square 
kilometres, occurs mainly near Castletown, Halkirk and Spital in the 
Northern Plain, and in the Lybster-Latheron district of the Southern Plain. 
In addition, small unmapped patches are present in some parts of the 
intermediate phase of the series. The relationship of landscape and vegetation 
in these soils is very similar to that in the intermediate phase described 
below. This phase is also a constituent-soil of the Ulbster complex. 


Profile Description 


Slope moderate 

Vegetation arable crop or Agrostis-Festuca acid grassland 

Drainage Class free 

Horizon Depth 

NS) 0-20 cm Dark brown (7:SYR3/2) loam; strong medium granular; firm; 


high organic matter; many roots; frequent small tabular stones and 
rock chips; moist; sharp change into 
D 20 cm + Shattered flagstone. 


The S horizon is usually somewhat darker than in the normal phase, 
and the structure is often granular. There is a sharp boundary with the 
underlying rock, where a root mat is occasionally present. A few 
centimetres of mottled weathered rock sometimes occurs below the 
S horizon. 


Intermediate phase 


The intermediate phase of the Bilbster series covers SO square kilometres 
and has a scattered distribution, occurring mainly between Wick and 
Thurso in the Northern Plain, and around Latheron and near Lybster in 
the Southern Plain. The parent material is a stony till of sandy loam, loam or 
sometimes sandy clay loam texture, and it is less than one metre thick. 
The distribution of the soils in the landscape depends more on the type of 
parent material than the topography, and while this series occurs mainly 
on moderate or moderately steep slopes it is also present on gentle slopes. 
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All the soils have been cultivated at one time, and although the majority 
still are, the others support Agrostis-Festuca acid grassland vegetation. 
This phase is also a component of the Ulbster complex. 


Profile Description 

Slope moderate 

Drainage Class free 

Vegetation arable crop or Agrostis-Festuca acid grassland 

Horizon Depth 

S 0—20 cm Very dark greyish brown (10YR3/2) loam; moderate medium 
subangular blocky; firm or friable; high organic matter; many 
roots; few small stones; moist; sharp change into 

B; 20-35cm Yellowish brown (10YR5/4) or brown (10YR5/3) sandy clay loam; 
moderate or strong coarse platy; very firm; strong induration; low 
organic matter; few roots; frequent subangular and tabular stones; 
moist; clear change into - 

B,/C 35—75cm Brown (10YR5/3) sandy loam or sandy clay loam; moderate 
platy; firm; weak induration; no roots; many subangular and tabular 
stones; moist; sharp change into 

D 75cm+ Shattered flagstone. 


The most commonly occurring profile consists of a very dark greyish brown 
S horizon, generally 20 to 30 centimetres thick, overlying a strongly indurated 
yellowish brown or brown B, horizon. An iron pan, or traces of one, is 
occasionally present on the upper surface of the B; horizon and some 
profiles have an A,(g) horizon consisting of a few centimetres of brown: 
mottled loam between the S and B; horizons. Characteristic features of 
the indurated B, horizon are brownish colour, coarse platy structure with 
reddish iron staining or black manganese mottles sometimes occurring 
on the faces of the plates, fine pores or pin-holes, and fine sand or silt 
linings to stone cavities. The degree of induration decreases with depth, and 
at the base of the horizon induration is usually only weakly developed. 
The nature of this horizon is such that it forms a barrier to root penetration. 
Ochreous mottling within the peds is sometimes present. The B,/C hori- 
zon is similar in colour to the B; horizon but induration is less pronounced. 
In extremely stony parent materials this horizon has a weak structure, a 
loose consistence, and a tendency for the stones, which are tabular, to be 
orientated parallel to the ground surface. The contact between the drift 
and the bed-rock is usually sharply defined and generally occurs between 60 
and 75 centimetres. The rock is mostly hard, although occasionally it is 
soft and weathered in the upper part. 


Deep phase 

The deep phase of the Bilbster series, in which the depth to bed-rock is 
more than one metre, is of minor extent, amounting to 3 square kilometres, 
and it occurs mainly along the Burn of Acharole and along the Wick River. 
The parent material is a morainic till of moderately coarse or coarse tex- 
ture which forms low mounds or ridges. It partly overlies till of finer tex- 
ture, and sometimes has a stony surface layer containing large boulders. 
The soils are either under cultivation or support Agrostis-Festuca acid 
grassland vegetation. This phase is a major component of the Bilbster 
complex. 
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Profile Description 

Slope moderate : 

Vegetation arable crop or Agrostis-Festuca acid grassland 

Drainage Class free 

Horizon Depth 

S 0-20 cm Very dark brown (10YR2/2) loam; moderate fine subangular 


blocky; firm or friable; high organic matter; many roots; frequent 
small stones; moist; sharp change into 

B, 20-35 cm =‘ Yellowish brown (10YR5/6) sandy loam; weak coarse platy; 
firm; moderate induration; low organic matter; few roots; frequent 
small and medium and few large subangular and tabular stones; 
moist; clear change into 

B;/C 35-85 cm _ Brown (10YR5/3) loamy sand; weak medium subangular blocky; 
friable; weak induration; no roots; frequent or many stones; 
moist; gradual change into 

Cc 85—120 Brown (10YR5/3) loamy sand; weak medium subangular blocky 

cm+ or single-grain; friable or loose; many stones, predominantly 

sandstone and flagstone; moist. 


The upper part of the profile is very similar to that of the intermediate 
phase of the series, the main feature being the presence of an indurated 
B, horizon immediately below the plough layer. The textures of the sub- 
surface horizons, however, are coarser and this to some degree affects 
other properties; the structures are weaker and induration is less strongly 
developed. A sandy loam texture, a weak coarse platy structure and mod- 
- erate induration are usual in the B, horizon; occasionally, however, the 
texture is a loamy sand and induration is absent. As in the intermediate 
phase, an iron pan, or traces of one, sometimes occurs at the boundary 
between the S and B, horizons. Characteristic features of an indurated 
B, horizon, such as the lining of stone cavities with fine material, are evi- 
dent. The induration decreases in intensity with depth, and is absent in 
the C horizon. 


CAMSTER SERIES 


The Camster series consists of peaty podzols developed both on the thin 
stony till (intermediate phase) and on the morainic till (deep phase). These 
two phases, which together cover 6 square kilometres, are comparable 
with the intermediate and deep phases of the Bilbster series. A shallow 
phase of the Camster series, comprising ranker soils, does occur but has 
not been mapped separately in this area. 


Shallow phase 

A shallow phase of the Camster series occurs as a constituent soil of the 
Camster and Achavanich complexes. Profiles have H and A,g horizons 
identical to those of the intermediate phase described below, but rock 
occurs immediately beneath, and no B horizons are present; these soils 
are classified as peaty rankers. . 


Intermediate phase 


The intermediate phase of the Camster series is developed on the thin 
stony till similar to that on which the intermediate phase of the Bilbster 
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series is developed. Shattered rock usually occurs between 30,and 60 
centimetres. These soils cover 5 square kilometres in the Northern and 
Southern Plains, but their distribution is sporadic. They are associated 
with rock ridges or moderately steep slopes, and support wet Calluna 
moor vegetation. This phase forms an important constituent of the 
Camster and the Achavanich complexes. Natural drainage is free below 
the iron pan and poor above, but on gentle slopes near West Dunnet, 
where compact till overlies permeable sandstones of Upper Old Red Sand- 
stone age, the drainage below the iron pan is imperfect. 


Profile Description 

Slope moderate to steep 

Vegetation wet Calluna moor 

Drainage Class free below B, 

Horizon Depth 

L trace Caliuna and moss litter. 

H, 30-15 cm ___— Dark reddish brown (S5YR2/2) slightly humified fibrous peaty 


humus; strong vertical cracks; firm; many roots, particularly in 
cracks; clear change into 

H; 15—O cm Black (10YR2/1) medium humified amorphous peaty humus; plas- 
tic; frequent roots; sharp change into 

Arg 0-8 cm Pale brown (10YR6/3) loam with dark reddish brown (SYR2/2) 
staining; weak medium subangular blocky; firm; moderate organic 
matter; frequent roots; frequent small tabular stones; moist; sharp 


change into 
B, 8 cm Thin iron pan with root mat on upper surface. 
B, 8—30 cm Strong brown (7-5YR5/8) loam; moderate medium subangular 


blocky; friable; low organic matter; few roots; frequent tabular 
stones; moist; clear change.into 

B; 30-60 cm Brown (10YR5/3) sandy loam; moderate medium angular blocky; 
firm; moderate induration; few roots; many tabular stones; moist; 
clear change into 

Cc 60 cm + Shattered flagstone. 


The main profile features consist of a peaty surface layer, a thin Ag 
horizon, an iron pan, and B horizons overlying shattered rock. The peaty 
layer, consisting of well-defined H, and H, horizons, varies between 15 
and 50 centimetres in thickness. Frequently it has dried out and, due to 
shrinkage, strong vertical cracks have developed in which fine roots are 
extremely abundant. The A,g horizon is usually less than 10 centimetres 
thick and it occasionally has a platy structure with organic staining present _ 
on the plates. The iron pan, with a root mat on the upper surface, is almost 
invariably a feature of the profile. The B, horizon is typically a strong 
brown friable loam. The B, horizon is normally indurated, but if it is 
very stony the structure is weak and induration absent. The boundary 
‘between the drift and the underlying rock is less sharp and more irregular 
than in the intermediate phase of the Bilbster series. The slightly different 
profiles found near West Dunnet have ochreous and grey mottling in the 
B and C horizons. 


Deep phase 
The deep phase of the Camster series is developed on the morainic till 
and covers one square kilometre in the Dirlot-Halsary—Acharole Burn 
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district and on Spital Hill. These soils occur either on moundy topography 
or on isolated mounds and support wet Cal/luna moor vegetation. Natural 
drainage is invariably free below the iron pan. 


Profile Description 

Slope moderate 

Vegetation wet Calluna moor 

Drainage Class free below B, 

Horizon Depth 

L trace Calluna and moss litter. 

H, 25—10 cm ___— Dark reddish brown (SYR2/2) slightly humified fibrous peaty 


humus; strong vertical cracks; firm; many roots, particularly in 
cracks; clear change into 

H, 10—0 cm Black (10YR2/1) medium humified amorphous peaty humus; 
plastic; frequent roots; sharp change into 

Aig 0-8 cm Pale brown (10YR6/3) sandy loam with dark reddish brown (SYR2/2) 
staining; moderate medium subangular blocky; firm; moderate 
organic matter; frequent roots; frequent small stones; moist; sharp 


change into 
B, 8cm Thin iron pan. 
B, 8—20 cm Strong brown (7:5YR5/6) sandy loam; moderate medium sub- 


angular blocky; friable; low organic matter; frequent roots, 
becoming few with depth; frequent stones; moist; sharp change into 
B, 20—S5SO0cm ‘Yellowish brown (10YR5/6) sandy loam; weak coarse platy; firm; 
moderate induration; few roots; frequent subangular and tabular 
stones, predominantly sandstone, and subangular stones of granite; 
moist; gradual change into 
B,/C 50—75cm __ Yellowish brown (10YR5/6) sandy loam; weak medium subangular 
blocky; friable; no roots; frequent or many subangular and tabular 
stones, predominantly sandstone, and subangular stones of granite; 
moist; gradual change into 
Cc 75—100 Brown (10YR5/3) loamy sand; weak medium subangular blocky 
em+ or single-grain; friable or loose; many subangular and tabular 
stones, predominantly sandstone; moist. 


This type of profile is very similar to that of the intermediate phase but 
the textures are slightly coarser, and the indurated B, horizon, instead of 
overlying shattered rock, passes down through an intermediate B;/C 
horizon into a C horizon of very friable loamy sand. 


THURSO SERIES 


The Thurso series, comprising poorly drained noncalcareous surface-water 
gleys, is the most extensive soil series in the area. It covers 258 square 
kilometres and is present throughout the Northern Plain and in the Lybster 
district. The soils are developed on a till of moderately fine texture and 
occur on level or gently sloping ground. The greater part of the series is 
cultivated, or has been at some time. Uncultivated soils usually support 
Juncus effusus pasture. 


Profile Description 


Slope level or gentle 

Vegetation arable crop 

Drainage Class poor 

Horizon Depth 

S 0-25 cm Dark greyish brown (IOYR4/2) loam; moderate medium subangular 


blocky; firm; moderate organic matter; many roots; few small 
stones; moist; sharp change into 


PLATE 9/Arable land near Lyth. The soils are mostly of the Thurso series, with a narrow 
strip of alluvium from left to right in the middle ground. The trees on the horizon are an 
example of shelterbelt plantings around the larger estates. 


PLATE 10/Crofting land at Freswick. The soils of the arable land belong to the cultivated 
Olrig series in the foreground and to the cultivated Canisbay series in the distance. The 
Fraserburgh series forms a strip of moundy ground in the middle distance. The land on the 
horizon is mostly peat. 


PLATE 11/The Achavanich complex, developed on stepped landscape near Achavanich. 
The shallow and intermediate phases of the Camster series occur on the steep ground, and 


the Olrig series and peat are present on the flatter parts. 


PLATE 12/The Ulbster complex near Achavanich. The Thurso series occurs on the flatter 
areas and the Bilbster series (shallow and intermediate phases) on the steeper parts. The 
Achavanich complex is in the distance. 
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Horizon Depth 

Big 25—45cm —_Greyish brown (10YRS5/2) sandy clay loam with frequent medium 
distinct yellowish brown (10YRS5/4) and strong brown (7: 5YRS5/8) 
mottles; greyish brown (10OYR5/2) sandy coatings on ped faces; 
moderate coarse prismatic; firm; low organic matter; frequent 
roots; frequent weathered stones, predominantly tabular flagstone 
and subangular sandstone; moist; gradual change into 

B3g 45—80cm  Greyish brown (10YRS/2) sandy clay loam with many medium 
distinct yellowish red (SYR5/8) and frequent medium distinct 
yellowish brown (10YR5/4) mottles; weak coarse prismatic or 
massive; firm; low organic matter; few roots; frequent stones, 
predominantly tabular flagstone and subangular sandstone; moist; 
gradual change into 

Cg 80-100 Greyish brown (10YR5/2) sandy clay loam with frequent medium 

cm+ distinct yellowish brown (10YRS5/4), distinct strong brown 

(7: SYRS/8) and prominent dark red (2°5YR3/6) mottles; massive; 
firm; low organic matter; few roots, frequent old root channels; 
frequent stones, predominantly tabular flagstone and subangular 
sandstone; moist. 


The profile morphology of the Thurso series is varied, particularly 
with regard to the horizon colour and the degree of ochreous and grey 
mottling, but it is typically that of surface-water gleys in which features 
due to gleying have a maximum development in the upper part of the 
profile. Most commonly grey colours predominate, accompanied by 
mottles of high and medium chroma. 

In a typical arable soil, such as that described above, the surface horizon, 
usually between 25 and 30 centimetres thick, is a dark greyish brown 
loam with a subangular blocky structure; a few fine reddish mottles are 
sometimes present. The boundary with the B,g horizon below is sharply 
defined. The B,g horizon, average thickness 20 to 25 centimetres, is a 
greyish brown sandy clay loam with coarse prismatic structure. Grey 
sandy coatings occur on the ped faces, and mottles of high and medium 
chroma are present within the peds. The B,g horizon, into which the 
change is gradual, has a similar colour and texture, but mottles of high 
chroma predominate and the structure is weaker or absent. The Cg horizon, 
also a greyish brown sandy clay loam, is massive, with mottles, mostly of 
high chroma, less frequent than in the B,g horizon. Grey gleyed coatings 
around stones and fine iron pipes of high chroma around old root channels 
are common features of the B;g and Cg horizons. Where there is sufficient 
depth of material, the greyish brown Cg horizon passes down into dark 
grey till at about 120 centimetres. 

Variation in horizon colour occurs in the lower part of the profile. The 
B,g horizon is sometimes yellowish brown with coarse greyish brown 
mottles and the underlying Cg horizon is then brown or yellowish brown. 
Sometimes mottling is less intense and the horizon is then designated C(g). 
Black manganese concretions are often associated with these browner 
horizon colours. Textural variation is greatest in the B,g horizons. While 
textures of sandy clay loam are most common, sandy loam and loam can 
also occur. Some profiles have weak subangular blocky structures in the 
B,g and B,g horizons, and while’the Cg horizon is usually massive, it 
sometimes has a coarse platy structure and weak induration. 
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As the average depth of the till is about one metre, bed-rock can occur 
within the lower part of the profile throughout much of the Thurso series. 
Shallow poorly drained soils, with bed-rock at 50 centimetres or less, occur 
very locally, but they have not been delineated on the soil map. They are 
present, in particular, on Buckies Hill near Thurso. 

A few patches of very poorly drained soils occur in areas mapped as 
Thurso series but are too small to be shown separately on the soil map. 
They do, however, appear on the 1:25,000 field sheets and have been 
named Hunster series. Their distribution is scattered and restricted to the 
Northern Plain. These soils are found in hollows and support wet Juncus 
or Carex pasture. They are characterized by bluish grey colours below 
the A horizon and ochreous pipes around old root channels. 


SIBSTER SERIES 


The Sibster series comprises poorly drained noncalcareous gleys developed 
on till with a partially sorted upper layer. These soils cover 7 square 
kilometres and occur locally in the Northern Plain, particularly on lower 
ground along rivers and streams. They are associated with level or gently 
sloping ground, but sometimes occur on moderate slopes, and in the Noss 
district they are found on moundy topography. Nearly all the soils are 
cultivated and, because of their coarser textures, plant growth usually 
begins a little earlier than on the Thurso series. Small unmapped pockets 
of this series sometimes occur on low-lying ground where the Thurso 
series predominates. 


Profile Description 

Slope level or gentle 

Vegetation ‘ arable crop 

Drainage Class poor 

Horizon Depth 

8 0—25 cm Very dark greyish brown (10YR3/2) sandy loam or loam; moderate 


medium subangular blocky; friable; moderate organic matter; 
frequent roots; few small stones; moist; clear change into ; 

Big 25—50cm _ Greyish brown (2-5 Y5/2) loamy sand or sandy loam with frequent 
medium prominent strong brown (7° 5YR5/8) and distinct yellowish 
brown (10YR5/6) mottles; weak or moderate medium subangular 
blocky; friable, low organic matter; frequent roots; few small 
stones; moist; clear change into 

B3g 50-—75cm _—_ Greyish brown (10YR5/2) sandy clay loam with frequent medium 
prominent strong brown (7-5YR5/8) and distinct yellowish brown 
(10YR5/6) mottles; weak coarse prismatic or massive; firm; few 
roots; frequent stones; moist; clear change into 

Cg 75—100 Greyish brown (10YR5/2) sandy clay loam with frequent medium 

cm+ - prominent strong brown (7-5YR5/8) and distinct yellowish brown 

(10YR5/4) mottles; massive; firm; no roots; frequent stones; moist. 


Profiles of the Sibster series have varied morphology, due mainly to 
the variation in the thickness of the partially sorted layer. The profile 
described above is typical of those developed on a thin layer of partially 
sorted material overlying till. The S horizon is a very dark greyish brown, 
friable, sandy loam or loam with a subangular blocky structure; a few 
mottles are sometimes present. Below this is a greyish brown mottled 
friable loamy sand or sandy loam B,g horizon. On moderate slopes, this 
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horizon is often browner and less mottled, indicating that, in part, this 
series can approach the imperfectly drained class. The stone content of 
this horizon is usually low. The B;g horizon is developed in the till and 
consists of a greyish brown, firm, sandy clay loam. The B;g and Cg 
horizons are similar to those of the Thurso series. Frequently, the partially 
sorted material is thick enough for the whole profile to be developed in it. 
Often the material is bedded to a greater or lesser degree, and although 
textures are predominantly coarse, bands of sandy clay loam and silt loam 
sometimes occur. 


OLRIG SERIES 


The Olrig series, consisting of peaty gleys, is widespread throughout the 
Northern and Southern Plains. It is the second most extensive soil series 
in the area and covers 93 square kilometres. The soils are developed on a 
till of moderately fine or, sometimes, moderately coarse texture and they 
occur on level, gently sloping, and, occasionally, moderately sloping 
ground. Part of the series is cultivated, but the greater part is uncultivated 
and generally supports wet Calluna moor vegetation. Drainage is pre- 
dominantly poor, but there are occasional very poorly drained flushed sites, 
usually under Juncus-dominated vegetation. Bed-rock frequently occurs 
within profile depth, particularly on higher ground such as Sordale Hill, 
Buckies Hill, and in the Lybster district. The Olrig series also occurs as a 
constituent of the Achavanich complex. 


Profile Description 


Slope level or gentle 

Vegetation wet Calluna moor 

Drainage Class poor 

Horizon Depth = 

L trace Calluna and moss litter. 

H, 25—10cm = Dark brown (7-5YR3/2) slightly humified fibrous peaty humus; 
firm; many roots; clear change into 

H, 10—0 cm Black (10YR2/1!) medium humified amorphous peaty humus; 


plastic; frequent roots; sharp change into 
Aig 0-15 cm Greyish brown (10YR5/2) sandy loam or loam with very dark 
‘ brown (10YR2/2) staining in upper part of horizon; weak medium 
_Subangular blocky; firm or friable; moderate organic matter; 
frequent roots; few small stones; moist; clear change into 
Bg 15-35 cm Grey (1OYR5/1) sandy clay loam with frequent medium prominent 
yellowish red (SYR5/8) and distinct yellowish brown (10YR5/4) 
mottles; moderate medium angular blocky; firm; low organic 
matter; few roots; frequent weathered stones, predominantly 
tabular flagstone and subangular sandstone; moist; clear change 
into 
B3g 35—80 cm Grey (10YRS5/1) sandy clay loam with frequent medium prominent 
yellowish red (SYR5/8) mottles; massive; firm; few roots; frequent 
stones, predominantly tabular flagstone and subangular sandstone; 
moist; clear change into 
Cg 80—100 Dark grey (SY4/1) sandy clay loam with few medium prominent 
cm + strong brown (7-5YRS/8) and faint olive-grey (SY5/2) mottles; 
massive; sticky and slightly plastic; no roots; frequent stones; 
moist to wet. 
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Typical uncultivated profiles of the Olrig series have an H horizon of 
peaty humus, an organic-stained A,g horizon, and grey or greyish brown 
mottled B,g and B,g horizons. The H horizon varies in thickness from 
10 to 50 centimetres. In some districts the peaty layer has originally been 
thicker, but some of it has been removed. The colour of the A,g horizon 
varies from very dark brown in the upper part to greyish brown in the 
lower, due to organic staining being more pronounced immediately 
beneath the peat. Occasionally, there is staining throughout the whole 
horizon. Platy structure sometimes occurs in this horizon, although weak 
subangular blocky structure is normal. In the B,g horizon, grey colours 
predominate over mottles of high and moderate chroma. The texture is a 
sandy clay loam and the structure is usually blocky, although a prismatic 
or platy structure occurs in some profiles. The stones in this horizon are 
often highly weathered and have greenish grey colours. The B;g horizon 
is similar in colour and texture to the B,g horizon, but the mottles are 
predominantly of high chroma. The Cg horizon is either dark grey or 
grey, and the mottling is much less intense. Sometimes the horizon is wet, 
and the consistence is slightly plastic and sticky. 

Cultivated profiles have an S horizon which varies from black huimose 
loam to dark greyish brown loam, but is usually a very dark greyish brown 
loam. The upper part of the A,g horizon, where organic staining is 
strongest, is sometimes incorporated in the S horizon. These cultivated 
soils are normally distinguished from the Thurso series by their darker 
topsoil and the presence of an A,g horizon below, but with deep ploughing 
and a long history of cultivation they eventually become indistinguishable. 

A local variant of the Olrig series, which has not been mapped separately, 
comprises peaty gleys with indurated B horizons, developed on thin 
stony till. These soils are somewhat intermediate in character between 
peaty gleys and peaty podzols, but they occur within the peaty gley 
mapping unit. They are mostly found near Bowertower, Dale and 
Thrumster, and also within areas of the Achavanich complex. Past 
reclamation of some of these Olrig variant soils has possibly produced 
some of the present-day imperfectly drained Bilbster series. 


Profile Description : 
Slope level or gentle 


Vegetation wet Calluna moor 

Drainage Class poor above B;(g) 

Horizon Depth 

H, 30—15cm __— Dark reddish brown (SYR2/2) slightly humified fibrous peaty 
humus; firm; many roots; clear change into 

H, 15-0 cm Black (1OYR2/1) medium humified amorphous peaty humus; 


plastic; frequent roots; sharp change into 

Ag 0-25 cm Greyish brown (10YR5/2) loam with dark reddish brown (SYR2/2) 
staining in upper part of horizon; weak medium subangular 
blocky or platy; firm; moderate organic matter; frequent roots; 
frequent small stones; moist; sharp change into 

B,(g) 25—45cm —_ Greyish brown (10YR5/2) sandy loam or sandy clay loam with 
few fine distinct yellowish red (SYR5/8) mottles; moderate 
medium or coarse platy; very firm; moderate induration; low 
organic matter; few roots; frequent tabular and subangular stones; 
moist; clear change into 
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Horizon Depth 

B,/C 45—85cm+ Brown (10YR5/3) sandy loam or sandy clay loam; weak medium 
platy becoming massive with depth; firm; weak induration; no 
roots; frequent tabular and subangular stones; moist. 


These profiles are characterized by the presence of an indurated B;(g) 
horizon immediately below the A,g horizon. Compared with the indurated 
B, horizon of the Bilbster series, the B;(g) horizon has a lower chroma. 
The upper part of the profile of this variant is similar to that of the 
normal series. The B;(g) horizon is usually greyish brown with a few fine 
yellowish red mottles, but sometimes it is brown with mottles of greater 
frequency and size and redder hue, accompanied by black manganese con- 
cretions. The intermediate B,/C horizon has weak induration and generally 
no mottling. Bed-rock frequently occurs immediately below this horizon. 


BILBSTER COMPLEX 


The Bilbster complex (Fig. 15) occurs on the moundy topography associated 
with areas of moraine. It is a complex of the following soils: 

(1) Bilbster series (deep phase) 

(2) soils developed on colluvium 

The complex is confined to the Northern Plain, in particular to the 
belt of country between Wick and Thurso, where it covers some 11 square 
kilometres. The deep phase of the Bilbster series is the predominant soil 
and it occurs on the mounds. The soils are very similar to those described 
on page 69, although the presence of an iron pan is perhaps a more 
common feature here. In the hollows between the mounds the soils are 
poorly drained; mostly they are developed on colluvium and usually 
show little differentiation into horizons, but the Thurso series is sometimes 
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present. Where moundiness is exceptionally prominent, such as in the 
western end of the complex at Bilbster and at Dunn, very poorly drained 
peaty gleys and peat occur in some of the hollows. With the exceptions of 
the peaty gleys and peat, the soils are, or have been at one time, cultivated. 


CAMSTER COMPLEX 


The Camster complex (Fig. 16), mapped in areas of blanket peat with 
rock ridges or knolls, consists of the following soils: 

(1) Camster series (intermediate phase) 

(2) Camster series (shallow phase) 

(3) peat 


78 The soils of the country round Wick 


This complex covers 7 square kilometres in the district around Camster 
and to the south of the Loch of Yarrows. The intermediate phase of the 
Camster series is developed on a thin stony till on the lower slopes of the 
rock ridges and knolls, and the shallow phase is present on the upper 
drift-free part. Where the ridges have flattish tops, shallow peat 50 to 
100 centimetres thick has often developed. Deep blanket peat more than 
one metre thick occurs between the rock ridges and knolls. 


CTR-Camster series, shallow phase CTN- Camster series, intermediate phase 
PT2 - Deep Peat 
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The northern part of the Camster district has been mapped in greater 
detail, and the percentages of the two major landscape units, i.e. deep 
peat and rock-knoll, have been calculated. Deep peat occupies about 
46 per cent of the complex, and the soils of the rock ridges about 54 per 
cent. The pattern here is extremely well-defined, and the ridges exhibit a 
strong north-south alignment. 

In the Loch of Yarrows district the peat is more varied in depth and 
shallow peat between the rock ridges is common. The complex here is 
also well-defined, but towards the south-east it merges with the Achavanich 
complex as the deep peat component becomes less extensive and the 
rock element becomes the main constituent of the landscape. 


ACHAVANICH COMPLEX 


The Achavanich complex (Fig. 17) is a complex of peaty soils on stepped 
or ridged topography. The constituent soils are: 

(1) Camster series (intermediate phase) 

(2) Camster series (shallow phase) 

(3) Olrig series 

(4) peat 

This complex is the most extensive in the area and it covers 34 square 
kilometres. It occurs mainly in the Southern Plain, particularly between 
Latheron and Rangag and in the Ulbster district, but there are also small 
areas of it in the Northern Plain at Holborn Head, Olrig Hill, and Backlass 
Hill near Watten. The drift cover is generally thin or absent over much of 
the complex and bed-rock is usually encountered within profile depth. 
Deeper profiles are limited to the till which occasionally occurs in some 
of the hollows. The intermediate phase of the Camster series is developed 
on the lower parts of the steeper slopes of the complex, and the shallow 
phase on the upper drift-free parts or on the crests of the ridges. The Olrig 
series, including the variant with induration, occurs on the gentle slopes, 
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and usually has bed-rock within profile depth. Deeper profiles of the 
Olrig series, and sometimes peat, are found in the hollows or on the flats. 
Rock outcrops are occasionally present on the steeper slopes. 

In the complex mapped at Holborn Head, the soils tend to be less 
peaty. Drift on the rock ridges here is very thin and the soils are predominantly 
Camster series (shallow phase) and Olrig series (with bed-rock generally 
within 50 centimetres of the surface). The peaty surface horizon in these 
soils is usually replaced by an A, horizon of very dark brown organic 
loam. The flat ground between the ridges has Olrig or Thurso series, often 
developed on deeper till; sometimes soils with very poor drainage occur, 
characterized by bluish colours below the A horizon and ochreous pipes 
around old root channels. On Olrig Hill too, the peaty surface horizon 
tends to be replaced by an organic loam A, horizon. 


(CT) CTR OL or PT qT) CTR. 


CTN -Camster series, intermediate phase CTR-Camster series, shallow phase 
OL - Olrig series PT- Peat 


FiG. 17 Soil Pattern in the Achavanich Complex 


ULBSTER COMPLEX 


The Ulbster complex (Fig. 18 ) is a complex of mineral soils on stepped or 
___ moundy1 topography. The. constituent-soils are:——- 


(1) Bilbster series (intermediate phase) 

(2) Bilbster series (shallow phase) 

(3) soils developed on colluvium 

(4) Thurso series 

This is the second most extensive complex in ine area and covers some 
17 square kilometres. In the Southern Plain it is associated with ridged 
topography, as in the Ulbster district, and stepped topography, but on 
the Northern Plain it occurs on low moundy ground as well as on ridged 
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topography. Much of the complex is virtually drift-free, particularly in 
the Ulbster district. Soils on the rocky ridges are mainly the shallow 
phase of the Bilbster series, although -the intermediate phase is also 
present. On ridged or moundy topography, the hollows between the 
ridges or knolls have poorly drained soils developed on colluvium. The 
Thurso series is sometimes present, either on the rocky ridges, in which 
case the profiles are shallow, or in between, when the profiles can be deep. On 
stepped topography, shallow profiles of the Thurso series are usually 
present on the level ground. Rock outcrops are a minor constituent of the 
complex and occur mainly in the Ulbster district. 


ORGANIC SOILS 


The organic soils of the area consist of peat, defined here as having an 
organic matter content of more than 60 per cent and, for mapping 
purposes, a thickness of 50 centimetres or more. Peat covers 474 square 
kilometres or 41 per cent of the area. It ranges in altitude from near sea 
level to 533 metres (1750 feet) on Scaraben, although it is most extensively 
developed between 60 and 80 metres (200 and 600 feet) in the Central 
Plain. 

The predominant type is blanket peat within which shallow and deep 
phases and areas of dubh lochans have been delineated. Basin and valley 
peat is much less extensive and no phases have been mapped. As peat is 
discussed more fully in the next chapter, the following remarks are con- 
cerned only with peat as a mapping unit. 


Shallow Blanket Peat 


The shallow blanket peat has a thickness of 50 to 100 centimetres. It is 
widely distributed, often occurring as small patches within large areas of 
deep peat, and covers a total area of 78 square kilometres. It commonly 
supports a vegetation of wet Calluna moor or Calluna-Eriophorum- 
Trichophorum moor, and usually occurs on moderate slopes, but has 
also been mapped in localities where deeper peat has been cut for fuel, in 
which case the mapped extent can include some peaty gleys or peaty 
podzols. 


Deep Blanket Peat 


The deep blanket peat has a thickness of more than 100 centimetres. It is 
the most extensive mapping unit in the area, covering 378 square kilometres, 
and occuring mainly on the Central Plain and in the north-east corner of 
the district. It is associated with level or gently sloping ground and most 
commonly supports Calluna-Eriophorum-Trichophorum vegetation. 


Peat with Dubh Lochans 


Dubh lochans are pools which form discrete, closely packed groups in 
areas of deep blanket peat. They occur well away from natural drainage 
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Horizon Depth 

B;/C 45—85cm+ Brown (10YR5/3) sandy loam or sandy clay loam; weak medium 
platy becoming massive with depth; firm; weak induration; no 
roots; frequent tabular and subangular stones; moist. 


These profiles are characterized by the presence of an indurated B,(g) 
horizon immediately below the A,g horizon. Compared with the indurated 
B, horizon of the Bilbster series, the B;(g) horizon has a lower chroma. 
The upper part of the profile of this variant is similar to that of the 
normal series. The B;(g) horizon is usually greyish brown with a few fine 
yellowish red mottles, but sometimes it is brown with mottles of greater 
frequency and size and redder hue, accompanied by black manganese con- 
cretions. The intermediate B,;/C horizon has weak induration and generally 
no mottling. Bed-rock frequently occurs immediately below this horizon. 


BILBSTER COMPLEX 


The Bilbster complex (Fig. 15) occurs on the moundy topography associated 
with areas of moraine. It is a complex of the following soils: 

(1) Bilbster series (deep phase) 

(2) soils developed on colluvium 

The complex is confined to the Northern Plain, in particular to the 
belt of country between Wick and Thurso, where it covers some 11 square 
kilometres. The deep phase of the Bilbster series is the predominant soil 
and it occurs on the mounds. The soils are very similar to those described 
on page 69, although the presence of an iron pan is perhaps a more 
common feature here. In the hollows between the mounds the soils are 
poorly drained; mostly they are developed on colluvium and usually 
show little differentiation into horizons, but the Thurso series is sometimes 


BBM ? poorly | BBM 
: drained : 
soils: 


BBM - Bilbster series, deep phase 


Fic. 15 Soil Pattern in the Bilbster Complex 


present. Where moundiness is exceptionally prominent, such as in the 
western end of the complex at Bilbster and at Dunn, very poorly drained 
peaty gleys and peat occur in some of the hollows. With the exceptions of 
the peaty gleys and peat, the soils are, or have been at one time, cultivated. 


CAMSTER COMPLEX 


The Camster complex (Fig. 16), mapped in areas of blanket peat with 
rock ridges or knolls, consists of the following soils: 

(1) Camster series (intermediate phase) 

(2) Camster series (shallow phase) 

(3) peat 
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This complex covers 7 square kilometres in the district around Camster 
and to the south of the Loch of Yarrows. The intermediate phase of the 
Camster series is developed on a thin stony till on the lower slopes of the 
rock ridges and knolls, and the shallow phase is present on the upper 
drift-free part. Where the ridges have flattish tops, shallow peat 50 to 
100 centimetres thick has often developed. Deep blanket peat more than 
one metre thick occurs between the rock ridges and knolls. 
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CTR-Camster series, shallow phase CTN- Camster series, intermediate phase 
PT2 - Deep Peat 
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The northern part of the Camster district has been mapped in greater 
detail, and the percentages of the two major landscape units, i.e. deep 
peat and rock-knoll, have been calculated. Deep peat occupies about 
46 per cent of the complex, and the soils of the rock ridges about 54 per 
cent. The pattern here is extremely well-defined, and the ridges exhibit a 
strong north-south alignment. 

In the Loch of Yarrows district the peat is more varied in depth and 
shallow peat between the rock ridges is common. The complex here is 
also well-defined, but towards the south-east it merges with the Achavanich 
complex as the deep peat component becomes less extensive and the 
rock element becomes the main constituent of the landscape. 


ACHAVANICH COMPLEX 


The Achavanich complex (Fig. 17) is a complex of peaty soils on stepped 
or ridged topography. The constituent soils are: P 

(1) Camster series (intermediate phase) 

(2) Camster series (shallow phase) 

(3) Olrig series 

(4) peat 

This complex is the most extensive in the area and it covers 34 square 
kilometres. It occurs mainly in the Southern Plain, particularly between 
Latheron and Rangag and in the Ulbster district, but there are also small 
areas of it in the Northern Plain at Holborn Head, Olrig Hill, and Backlass 
Hill near Watten. The drift cover is generally thin or absent over much of 
the complex and bed-rock is usually encountered within profile depth. 
Deeper profiles are limited to the till which occasionally occurs in some 
of the hollows. The intermediate phase of the Camster series is developed 
on the lower parts of the steeper slopes of the complex, and the shallow 
phase on the upper drift-free parts or on the crests of the ridges. The Olrig 
series, including the variant with induration, occurs on the gentle slopes, 
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and usually has bed-rock within profile depth. Deeper profiles of the 
Olrig series, and sometimes peat, are found in the hollows or on the flats. 
Rock outcrops are occasionally present on the steeper slopes. 

In the complex mapped at Holborn Head, the soils tend to be less 
peaty. Drift on the rock ridges here is very thin and the soils are predominantly 
Camster series (shallow phase) and Olrig series (with bed-rock generally 
within 50 centimetres of the surface). The peaty surface horizon in these 
soils is usually replaced by an A, horizon of very dark brown organic 
loam. The flat ground between the ridges has Olrig or Thurso series, often 
developed on deeper till; sometimes soils with very poor drainage occur, 
characterized by bluish colours below the A horizon and ochreous pipes 
around old root channels. On Olrig Hill too, the peaty surface horizon 
tends to be replaced by an organic loam A, horizon. 


GT CTR OL or PT (CT CTR 


CTN - Camster series, intermediate phase CTR-Camster series, shallow phase 
OL - Olrig series PT- Peat ; 
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ULBSTER COMPLEX 


The Ulbster complex (Fig. 18 ) is a complex of mineral soils on stepped or 
moundy topography. The constituent soils are: 

(1) Bilbster series (intermediate phase) 

(2) Bilbster series (shallow phase) 

(3) soils developed on colluvium 

(4) Thurso series 

This is the second most extensive complex in the area and covers some 
17 square kilometres. In the Southern Plain it is associated with ridged 
topography, as in the Ulbster district, and stepped topography, but on 
the Northern Plain it occurs on low moundy ground as well as on ridged 
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topography. Much of the complex is virtually drift-free, particularly in 
the Ulbster district. Soils on the rocky ridges are mainly the shallow 
phase of the Bilbster series, although -the intermediate phase is also 
present. On ridged or moundy topography, the hollows between the 
ridges or knolls have poorly drained soils developed on colluvium. The 
Thurso series is sometimes present, either on the rocky ridges, in which 
case the profiles are shallow, or in between, when the profiles can be deep. On 
stepped topography, shallow profiles of the Thurso series are usually 
present on the level ground. Rock outcrops are a minor constituent of the 
complex and occur mainly in the Ulbster district. 


ORGANIC SOILS 


The organic soils of the area consist of peat, defined here as having an 
organic matter content of more than 60 per cent and, for mapping 
purposes, a thickness of 50 centimetres or more. Peat covers 474 square 
kilometres or 41 per cent of the area. It ranges in altitude from near sea 
level to 533 metres (1750 feet) on Scaraben, although it is most extensively 
developed between 60 and 80 metres (200 and 600 feet) in the Central 
Plain. 

The predominant type is blanket peat within which shallow and deep 
phases and areas of dubh lochans have been delineated. Basin and valley 
peat is much less extensive and no phases have been mapped. As peat is 
discussed more fully in the next chapter, the following remarks are con- 
cerned only with peat as a mapping unit. 


Shallow Blanket Peat 


The shallow blanket peat has a thickness of 50 to 100 centimetres. It is 
widely distributed, often occurring as small patches within large areas of 
deep peat, and covers a total area of 78 square kilometres. It commonly 
supports a vegetation of wet Calluna moor or Calluna-Eriophorum- 
Trichophorum moor, and usually occurs on moderate slopes, but has 
also been mapped in localities where deeper peat has been cut for fuel, in 
which case the mapped extent can include some peaty gleys or peaty 
podzols. 


Deep Blanket Peat 


The deep blanket peat has a thickness of more than 100 centimetres. It is 
the most extensive mapping unit in the area, covering 378 square kilometres, 
and occuring mainly on the Central Plain and in the north-east corner of 
the district. It is associated with level or gently sloping ground and most 
commonly supports Calluna-Eriophorum-Trichophorum vegetation. 


Peat with Dubh Lochans 


Dubh lochans are pools which form discrete, closely packed groups in 
areas of deep blanket peat. They occur well away from natural drainage 


PLATE 13/Stepped landscape at Dunnet Head. The Dunnet series occurs on the steep 
slopes and peat is present on the flatter ground. 


PLATE 14/Wind-blown sand landscape at Links of Greenland. The Fraserburgh series 
occurs on the mounds and the Whitelinks series on the flat ground. The soils on the 
horizon belong to the Thurso Association. 


PLATE 15/Scaraben from Meall na Caorach. Shallow peat occurs on the lower slopes, 
skeletal soils on quartzite scree on the upper slopes and the Scraulac series on the summit 
ridge. 


PLATE 16/Mountain-top detritus of angular quartzite on Scaraben. 
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courses and often are situated on the crests of broad ridges. On gently 
sloping ground the dubh lochans are sometimes elongated parallel to the 
contours. As a mapping unit, the peat with dubh lochans covers 8 square 
kilometres, mainly in the western part of the Central Plain and on Shielton 
Bog. 


Basin and Valley Peat 


The basin and valley peat covers 10 square kilometres. It occurs in small 
scattered patches, mostly in the Halkirk-Thurso district and in the district 
between Lybster and Wick. This type of peat deposit is associated with 
sites where the configuration of the ground has been the prime factor in 
initiating peat formation. 


MISCELLANEOUS SOILS 


Miscellaneous soils comprise soils of the links, alluvium, peat-alluvium 
complex, and mixed bottom land mapping units which together amount 
to 49 square kilometres. The soils frequently show little or no profile 
development, any horizons present usually being of depositional rather 
than pedological origin. 


Links 


Links soils have previously been described as immature soils developed 
on recent raised-beach or wind-blown sand deposits (e.g. Glentworth, 1954). 
In the area under review, the shelly sand deposits have all been included 
in the Fraserburgh Association and the name Links has been restricted to 
the soils developed on the wind-blown quartzose sand. These Links, 
which cover less than one square kilometre, occur in inland districts around 
Loch More, and near Lochend. 

The sand, usually coarse, is composed of quartz and feldspar grains. 
At Loch More, it is deposited over deep blanket peat, deposition being still 
active as evidenced by the partially covered vegetation on the peat. The 
vegetation on the Links soils is an acid grassland, partly changing to 
heath. 


Profile Description 


Slope gentle 

Vegetation acid grassland 

Drainage Class free 

Horizon Depth 

Cc 0-8 cm Yellowish brown (1OYRS5/6) coarse sand; single-grain; loose; low 
organic matter; many fine roots; moist; clear change into 

Cc 8—-90cm+ Light yellowish brown (10YR6/4) coarse sand; single-grain; loose; 


no organic matter; frequent fine roots; moist. 


There is little, if any, horizon development in these soils. The surface 
horizon contains a slight amount of organic matter and an abundance of 
fine roots. Thin buried A horizons less than one centimetre thick 
sometimes occur in the profile and were formed in brief periods of stable 
conditions during the accumulation of the deposit. 


G 
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Alluvium 


The soils developed on alluvium cover 35 square kilometres. They are 
varied in texture and drainage class, and normally have immature profiles. 
All the soils have been included in one mapping unit, namely undif- 
ferentiated alluvium. 

Broadly speaking, the river alluvium of the Northern Plain gives rise to 
loamy or sandy soils with imperfect and poor drainage, while in the 
south and west of the area, sandy freely drained alluvial soils are developed. 
Lacustrine alluvium, which occurs mainly in the Northern Plain, mostly 
produces soils with loamy sand or sandy loam textures and poor or some- 
times imperfect drainage. The soils developed on alluvium normally have 
weakly developed profiles, although brown forest soils are found on the 
higher terraces of the Langwell Valley. Mottling in the imperfectly and 
poorly drained soils becomes more pronounced with depth. Some of the 
freely and imperfectly drained alluvial soils are cultivated, while others 
support Agrostis-Festuca acid grassland, and the poorly drained soils 
support wet pasture or marsh vegetation. 


Peat-Alluvium Complex 


The peat-alluvium complex, covering 9 square kilometres, is a complex 
of peat and alluvium which occurs in the form of either interstratified 
or contiguous deposits. It is associated with former lake sites where basin 
peat has developed and with narrow stream channels in areas of peat; in 
the latter case, much of the peat in the complex is probably redistributed 
peat, while the alluvium often has a high organic matter content. 


Mixed Bottom Land 


Mixed bottom land is the mapping unit used to delineate the soil complexes 
in narrow steep-sided river valleys, such as those of the Southern Plain, 
and in stream channels. It covers a total area of 4 square kilometres. The 
soils on the slopes are generally immature and often strongly eroded, 
although brown forest soils or podzols can occur on the more stable sites. 
Flushing is sometimes a feature of the slopes, and rock outcrops or bare 
till patches are often present. Alluvial soils occur on the river or stream 
terraces, and are varied in texture and drainage class. 


5 | Peat 


In moist, well-aerated soils of temperate regions, a balance is struck be- 
tween the deposition of plant debris on the one hand and decomposition 
and mineralization on the other, equilibrium being reached when the soil 
organic fraction is around 10 per cent of the dry weight of the soil. The 
rate at which decompostion takes place depends not only on prevailing 
environmental conditions but also on the nature of the organic residues 
involved. Where conditions for decomposition are less favourable, oxid- 
ation of plant remains proceeds more slowly and vegetable matter accumu- 
lates at the soil surface. This build-up of organic residues is usually assoc- 
iated with poorly drained soils in which aeration is seasonally restricted. 

Peat is defined in general terms as an accumulation of partly decom- 
posed plant remains formed on waterlogged sites where excess moisture at 
the soil surface has inhibited the normal aerobic process of decomposition. 
Other conditions conducive to the formation of peat are low average 
temperature, high acidity and nutrient deficiency, all of which depress 
microbiological activity. The most important factors that influence peat 
development are therefore functions of climate, topography and geology. 
These control the nature and abundance of vegetation which in turn largely 
determines the type of peat formed. Plant communities associated with 
soils and water relatively rich in plant nutrients give rise to types of peat 
(eutrophic) quite distinct from those found where conditions are acid and 
base-deficient (oligotrophic). The chemical and physical properties of the 
peat are further influenced by the nature and amount of water present 
during and following formation. Although peat differs from other soils 
in that it is almost entirely or very largely organic, no exact line of demarca- 
tion can be logically or consistently drawn. In this account, soils with a 
surface organic layer greater than 0-5 metre thick and containing more 
than 60 per cent organic matter are classified as peat. 

In the area under review, peat covers some 47,200 hectares or about 41 
per cent of the land surface. Most of the peatland area comprises rough 
grazing of variable quality and, apart from draining and burning, little 
attempt has been made to upgrade the pasture. Some parts, particularly 
in the vicinity of dubh lochans, are too soft, even in summer, to support 
wide-tracked vehicles, far less stock. However, very considerable areas 
are accessible to modified equipment with low ground pressure (less than 
0-1 kg/cm’) and drainage and afforestation have progressed on a modest 
scale—as, for example, at Rumster and Achairn. 
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For centuries, peat has been cut and dried by traditional methods to 
provide a low-grade fuel for local domestic use. Even so, only modest in- 
roads have been made into the vast resources that in this area are estimated 
to be in the region of 90 million tonnes. Obviously the more accessible 
deposits on the low ground near centres of population attracted most 
attention and many of these have been completely cut over. Elsewhere, 
cutting has been largely confined to the perimeters of the more extensive 
peatland areas. In Caithness, peats cut from banks, using a tuskar or 
shiel, are ‘skailed’ or spread out to dry. They are then set up in ‘roos’ or 
small heaps to complete the drying process and harvested in the autumn. 
In a good year, the moisture content can be reduced from over 90 per cent 
to around 40 per cent. Historical accounts frequently refer to the time 
and energy expended in cutting, drying, transporting and stacking the 
year’s supply. Peat-winning is clearly a seasonal operation occurring at a 
time when labour requirements for other work are at a premium and, 
since the end of the nineteenth century, has markedly declined in the face’ 
of competition from coal, oil and electricity. In the 1950s however, as 
part of a national plan to utilize Scottish peat resources, an experimental 
peat-fired power station was constructed at Braehour Farm, 16 kilometres 
south of Thurso. The site was located on the edge of some 8000 hectares 
of deep peat of which 300 hectares were drained and prepared for pro- 
duction using the Peco (milled-peat) system. Under prevailing climatic 
conditions 18 harvests, yielding approximately 200 tonnes per hectare, of 
milled peat at 55 per cent moisture content were obtained. Despite low ash 
and sulphur contents, the relatively high calorific value and other favour- 
able properties of the peat, the project proved uneconomic when costed 
against more conventional energy sources. In the present economic climate, 
a re-appraisal of peat resources for fuel and other industrial purposes is 
considered by many to be fully justified. 

Within the area surveyed, two main types of deposit are distinguished, 
namely basin mire and blanket mire. The term mire is used here to define 
all peatland types (bog, moss, moor, fen) irrespective of their topograph- 
ical, hydrological or phytosociological relationships. Basin mires, as their 
name implies, form locally under the influence of ground-water (soli- 
genous mires) and are typically confined to poorly drained hollows, 
shallow lakes and deltas where relatively stagnant water accumulates. 
Initial stages of development are often represented by peat derived from 
aquatic or semi-aquatic vegetation. As deposition continues, the mire 
surface may ultimately rise above the level of inflow and thereafter cli- 
mate, though not of primary importance, will largely determine the nature 
of the peat and the rate at which it develops. This fundamental change 
in hydrological conditions is accompanied by an equally important change 
in nutrient source from minerotrophic to ombrotrophic. A fully developed 
raised basin mire has a convex or dome-shaped configuration and shows, 
in section, several quite distinct horizons which reflect the changing environ- 
mental conditions from the eutrophic or mesotrophic ‘low moor’ stage 
represented by lake mud and grass and sedge peat to oligotrophic raised 
bog or moss in which the main components are Sphagnum, cotton grass 
and ericaceous plants. Unlike basin mires, blanket mires are largely un- 
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confined and develop regionally on different landforms under conditions 
of high rainfall, low mean annual temperature and high relative humidity. 
Such deposits are termed ombrogenous and their nature and development 
are further influenced by geology and climate which, in many areas, 
interact to produce leached base-deficient soils supporting acidophilous 
plants such as Sphagnum and associated moorland species whose structural 
adaptations and growth form help to hold water at the soil surface and 
intensify the wet conditions. Stratigraphically, blanket mires show little 
variation in botanical composition or degree of decomposition with depth. 


PEAT DEPOSITS 


A number of sites (Fig. 19), representative of the mire types within the 

- sheet, were selected for detailed study. Depending on the size and com- 
plexity of the area, procedure varied from close grid (200 to 400 metres) 
survey to multiple, or even single-line, traverse. Depth soundings and 
surface levels were recorded at the intersection of grid lines and at least 
every 200 metres along traverse lines. A series of complete cores was ex- 
tracted from each area and sampled at 0-5-metre intervals of depth. 
Gross botanical composition and degree of decomposition (determined 
by the method of von Post) were recorded for each sample in the field; 
sealed sub-samples were taken for laboratory determination of ash and 
moisture contents and for more detailed botanical assessment by optical 
techniques. Specially selected cores, usually from the deeper parts of the 
mire, were also sampled for determination of major and minor elements, 
pollen analysis and detailed stratigraphical examination of sub-fossil 
plant components on a semi-quantitative basis. The composition of the 
vegetation and the general morphological and hydrological features at 
each site were also recorded. Botanical nomenclature follows Clapham, 
Tutin and Warburg (1962), Warburg (1963), Paton (1965) and James 
(1965). The use of common names is restricted to vascular plants and is 
given in brackets where the species is first mentioned. 


North Shielton 


The area designated North Shielton is located approximately 5 kilometres 
west-south-west of the village of Watten (Fig. 19, la) and incorporates 
Backlass Moss and the Loch and Moss of Toftingall. The mire contains 
almost all the characteristic features of the vast expanse of blanket peat 
that stretches from near Wick westwards to the margin of the sheet and 
south-west to the Dunbeath Water. The sample area, covering some 
1000 hectares, is bounded to the west, north and east by mineral soil and 
to the south adjoins Shielton Moss, one of three major deposits in Caith- 
ness previously surveyed by the Department of Agriculture and Fisheries 
for Scotland in collaboration with the Macaulay Institute. Surface levels 
and peat depths were recorded on a 200-metre grid and the results used to 

. construct contour maps which illustrate how peat development has sig- 
nificantly modified topographical features. 
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Fic. 19 Distribution of Peat and Location of Sites Surveyed la—North Shielton 

lb—Shielton 1c—Altnabreac 1d—Achairn le—Camster 1f—Riskamain 2—Dunnet 

3—Giar Hill 4—Stroupster 5—Wag Hill 6—Ulbster 7a—Moss of Greenland 7b—Wey- 
dale Moss 7c—Hecken 7d—Yellow Moss 7e—Marl Moss 
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The isopachyte map (Fig. 20), on which depth contours are shown at 
one-metre vertical intervals, not only serves to identify areas of deep and 
shallow peat but also to indicate the very uneven nature of the land sur- 
face prior to peat formation. Initially peat development was largely con- 
fined to, or at least was more active in, isolated pockets from which it 
eventually spread out over the intervening ground, ultimately producing 
a relatively flat surface with moderate gradients on which secondary 
patterns were subsequently super-imposed by natural and artificial drain- 
age and by cutting (Fig. 21). The variations in landform thus developed 
make detailed survey a prerequisite in planning the drainage and utilization 
of peatlands for industrial or other purposes. 


FiG. 20 Isopachyte Map of part of North Shielton Area (depth contours at 1 m 
intervals) 
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The diverse nature of the mire surface, largely due to interference by 
man, is clearly illustrated in Plate 21. Areas of virgin peat, drainage im- 
provement, peat banks for the production of domestic fuel, cut-over areas 
and land reclaimed for agricultural use are all readily identifiable and 
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Toftingall 


Fic. 21 Surface Contour Map of part of North Shielton Area (contours at 2 m 
vertical intervals) 


constitute a complex pattern with little semblance of orderly planning. 
Such haphazard developments will inevitably impose severe limitations 
on future land use policy although fortunately they are largely confined 
to the margins of the main peatland areas. 
The areas of virgin Peatiand support a typical blanket mire "ote, 
Sphagnum rubellum agg.* and S. papillosum dominating the moss layer; 
* S. rubellum agg. = S. rubellum and S. capillaceum. 
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Trichophorum cespitosum (deer-grass), Eriophorum angustifolium 
(common cotton-grass), EF. vaginatum (hare’s-tail) and Calluna vulgaris 
(heather) are the dominant or co-dominant vascular plants. The most im- 
portant subsidiaries are Narthecium ossifragum (bog asphodel), Drosera 
rotundifolia (sundew), Erica tetralix (cross-leaved heath), Pinguicula 
vulgaris (common butterwort), the mosses Aulacomnium palustre and 
Pleurozium schreberi, the liverworts Odontoschisma sphagni and Mylia 
anomola and the lichens Cladonia impexa and C. uncialis. 

Where the peat is shallow or relatively dry due to cutting or ditching, 
Calluna is generally dominant and Eriophorum vaginatum is abundant. 
Potentilla erecta (common tormentil) and Deschampsia flexuosa (wavy 
hair-grass) are characteristic subsidiaries. Pools or dubh lochans are 
largely confined to the southern part of the mire where the peat is deepest 
and least disturbed. They support a distinctive flora which includes 
Sphagnum cuspidatum, S. subsecundum, Menyanthes trifoliata (bogbean) 
and a variety of algae. 

Around the perimeter of the mire and on other areas greatly disturbed 
by drainage, cutting and improvement for grazing, plants such as Anthox- 
anthum odoratum (sweet vernal-grass), Nardus stricta (mat-grass), 
Deschampsia cespitosa (tufted hair-grass), Luzula campestris (field wood- 
rush) and Juncus effusus (soft rush) predominate and form communities 
quite distinct from those on the mire surface. 

A peat core for detailed botanical analysis was taken near Bad a’ Cheo, 
just south-west of North Shielton, on an area of deep peat with dubh 
lochans. The main stratigraphical features are illustrated in Fig. 22. The 
lower 0-4 metre of peat (5-7 to 5-3 metres) is composed largely of sedge 
remains; fern sporangia and remains of mosses (unidentified) were also 
recorded. The presence of fern and sedge remains suggests that this hori- 
zon accumulated under conditions of moderate nutrient enrichment. 
Above 5:3 metres the sub-fossil plant components are indicative of nutrient 
deficient or oligotrophic conditions. From 5-3 to 3-4 metres from the 
surface, remains of Eriophorum vaginatum and Calluna are abundant 
and those of bog mosses (Sphagnum rubellum agg. and S. imbricatum) 
are frequent. In the succeeding horizon (3-4 to 2:2 metres) the main 
components are derived from Eriophorum angustifolium and Calluna 
but E. vaginatum was not recorded. The infrequent occurrence of 
Sphagnum, the presence of such mosses as Rhacomitrium lanuginosum 
and Hypnum cupressiforme and the relatively high degree of decom- 
position of the peat suggest that accumulation took place under conditions 
somewhat drier than normal. Above 2:2 metres the degree of decom- 
position is moderate to low and remains of bog mosses predominate. 
Sphagnum imbricatum is the most abundant species represented and 
S. papillosum and S. rubellum agg. occur in smaller amounts. Remains 
of E. angustifolium and C. vulgaris are present but are rarely abundant; 
traces of Erica tetralix, R. lanuginosum and H. cupressiforme were also 
recorded, 

A series of cores, ranging in depth from 1-0 to 4-0 metres, were taken 
from North Shielton and their stratigraphic features examined in the 
field. In general, these confirmed the pattern of mire development 
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Fic. 23. Variation of Degree of Decomposition, Moisture Content and per cent 
Ash with Peat Depth 
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outlined above except that, in many, wood was a major component of the 
deeper horizons, especially those composed of sedge peat. At a few sites, 
particularly where the peat was shallow, wood remains were recorded to 
within 0-5 metre of the surface. 

Within the area, 26 sites were selected from which samples for stan- 
dard laboratory analysis were taken at 0-5-metre intervals of depth. The 
results are shown in Fig. 23. Mean values for degree of decomposition (H) 
range from 5 in the surface horizon to 7 between 1:0 and 4-0 metres 
depth. The lower horizons, like the upper, are only moderately decom- 
posed. Individual H values range from 4 to 9, the mean of all deter- 
minations being 6. Mean moisture contents, expressed for convenience 
on a dry weight basis, show a gradual increase with depth to a maximum 
between 4-0.and 5-0 metres below the surface and then a decline. Individual 
values, calculated on a fresh weight basis, ranged from as low as 72 per 
cent to nearly 95 per cent; the overall mean was 90-5 per cent, a value 
fairly characteristic of blanket peat. As in most peat deposits the ash con- 
tent increases with depth. Values ranged from 1-5 per cent to over 25 per 
cent and the mean of 10 per cent is probably somewhat inflated by values 
for samples from upper and lower horizons that frequently contain con- 
siderable quantities of mineral water. Over the greater part of the area, 
particularly where the mire exceeds 2-0 metres in depth, the middle to 
upper horizons contain about 1-5 million tonnes of peat whose degree of 
decomposition and ash content would readily satisfy requirements for 
commercial use as fuel or for related industrial purposes. 


Shielton, Altnabreac, Achairn 


These three deposits, though arbitrarily defined, constitute an almost 
continuous expanse of deep blanket mire that extends from between 
Braehour and Loch Meadie, on the western margin of the sheet, east- 
wards to the Achairn Burn, within 8 kilometres of Wick. As already 
mentioned, most of this area was surveyed previously as part of a major 
programme initiated by the former Scottish Peat Committee to locate 
and evaluate peat reserves in the north of Scotland with a view to their 
development as a source of fuel for the generation of electricity. The 
main features of the three mires, including some additional information 
on vegetation and stratigraphy, are summarized below; more detailed 
accounts are published elsewhere (Department of Agriculture and Fish- 
eries for Scotland, 1968). 

Shielton Moss (Fig. 19, 1b) is located to the east of the Thurso— 
Latheron road (A895) and is bounded to the north and south by lines 
running due west from Shielton Farm and Munsary Cottage, respectively. 
A north-east oriented spur incorporating Hill of Acharole and the Moss 
of Badarclay is contained by the Burn of Acharole and the Strath Burn. 
Peat exceeding 0-5 metre in depth covers 2700 hectares or 82 per cent of 
the area surveyed. Based on a mean solids content of 8-6 per cent and an 
average depth of 2-9 metres, reserves are estimated at over 7 million 
tonnes of peat solids. Mean values for degree of decomposition and ash 
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content were 7 and 3-5 per cent, respectively. Over 73 per cent of the sur- 
face is firm enough to carry drainage and peat-winning machinery, but 
the remainder, including prominent areas of dubh lochs and ‘the Flows’, 
-has an extremely low bearing pressure and is relatively inaccessible. Most 
of the area carries a vegetation similar to that of the virgin blanket mire 
on North Shielton. S. cuspidatum and Menyanthes trifoliata are again 
abundant in the vicinity of dubh lochans where, atypically, Arctosta- 
phylos uva-ursi (bearberry) was recorded in a very wet habitat. Overall, 
the vegetation, unlike that on North Shielton, is little affected by dis- 
turbance, a feature ascribed to the wetness and remoteness of the mire. 
Stratigraphically, the mire contains a higher proportion of Sphagnum 
peat than North Shielton. Betula spp. (birch) and sedge remains are locally 
abundant in the lower horizons but the wood is invariably soft and would 
not provide an obstacle to drainage or cutting equipment. 

The vast expanse of blanket peat known as Altnabreac Bog extends for 
13 kilometres along both sides of the railway line from Scotscalder south- 
west to Altnabreac Station and is up to 7 kilometres wide. Only the north- 
west section (Fig. 19, 1c), comprising some 18 per cent of the total 8500 
hectares, occurs within the area under review but included is part of the 
300-hectare site drained and graded to produce milled peat for the former 
gas-turbine power station located just west of Braehour Farm. The sub- 
area is.contained by the B870 Scotscalder to Westerdale road and by the 
unclassified fork that continues south-west beyond Strathmore Lodge to 
the margin of the sheét. The peat has an average depth of 2-3 metres and 
mean values for degree of decomposition and per cent ash content are 7 
and 3-0, respectively. Based on a mean solids content of 8-5 per cent, the 
peat reserves are in the region of 2-8 million tonnes dry weight. The calori- 
fic value of the peat ranges from 5000 to 5500 kcal/kg. The quality of the 
peat coupled with good accessibility, climatic conditions that would allow 
up to 18 harvests (each requiring 3 consecutive dry days) of milled peat at 
55 per cent moisture content, the possibility of over 60 per cent utilization 
and the existence of surface conditions and gradients suitable for large 
mechanical equipment were the main reasons for selecting the Braehour 
site for industrial development. The vegetation and peat stratigraphy, in- 
cluding the occurrence of sedge, reed and wood peat in isolated hollows, 
are similar to those of Shielton. 

Achairn (Fig. 19, 1d) is situated approximately 10 kilometres west- 
south-west of Wick between the northern section of the Watten-Lybster 
road and the Achairn Burn to the east. The surface, like that of Shielton 
and Altnabreac, is gently undulating and ranges in elevation from 55 to 
114 metres above Ordnance Datum. The total area surveyed was 1630 
hectares of which 1360 hectares constitute peat with an average depth of 
2:4 metres. About 80 per cent of the surface is firm enough to support 
normal tracked vehicles. Reserves of peat, based on a mean moisture 
content of 90-5 per cent, exceed 3 million tonnes solids but only some 2 
million tonnes would be readily exploitable. Degree of decomposition is 
usually around H7 but may be a little lower in the surface and bottom 
horizons. Ash contents (mean of 5-4 per cent) tend to be higher than nor- 
mal for this type of blanket peat and, accordingly, calorific values are 
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somewhat depressed. The vegetation and stratigraphy are characteristic 
of oligotrophic blanket mire. 


Camster and Riskamain 


In addition to the areas described above, nine other sections of the central 
peat plain were surveyed by means of traverse lines ranging in length 
from 3 to 6 kilometres. Peat depths, taken at 200-metre intervals, varied 
from 0-5 to over 7:0 metres; means ranged from 2-0 to 3-0 metres. 

Near Camster (Fig. 19, le) tracts of blanket mire have been moderately 
disturbed by grazing, burning and drainage, which locally have reduced 
the Sphagnum cover and consequently the rate of peat development, 
though not as markedly as at North Shielton. In a core, taken 400 metres 
east of the Loch of Camster (Fig. 22), E. Vaginatum and wood (probably 
birch) were identified in a matrix of largely amorphous peat that repre- 
sents the pioneer community (2-5 to 2:3 metres). This horizon is succeeded 
by one in which Calluna and E. vaginatum are the main components 
(2:3 to 1-4 metres). Between 1-4 and 0:6 metres from the surface re- 
mains of S. imbricatum and S. rubellum agg. predominate; above 0:6 
metre the peat is derived mainly from Calluna and S. rubellum agg. 
Remains of Erica tetralix and Eriophorum spp. are infrequent. 

In the area which extends from south-west of Riskamain to west of 
Cnoc Dubh (Fig. 19, 1f) the undulating terrain carries typical blanket 
mire vegetation but on more level ground dubh lochans are common. A 
peat core, taken in the vicinity of some small dubh lochans, shows a lower 
horizon (3:5 to 3-0 metres) of largely amorphous peat containing E. 
vaginatum and wood remains (Fig. 22). This is succeeded by another 0-7 
metre of almost amorphous peat in which the main recognizable com- 
ponents are Calluna and E. vaginatum. From 2-3 to 1-5 metres the high 
frequency of Sphagnum remains (S. rubellum agg. and S. papillosum) in 
the largely amorphous matrix suggests the existence of very wet con- 
ditions during formation of this horizon. The virtual absence of Sphagnum 
from the succeeding horizon (1:5 to 0-8 metres) indicates a return of 
somewhat drier conditions. Above 0-8 metre, bog mosses again pre- 
dominate and probably represent a period that coincided with dubh loch 
formation. 


Dunnet Hill 


This area, located in the distinctive promontory north of Dunnet Bay 
(Fig. 19, 2), forms part of a more extensive tract of blanket mire which 
spreads over and around Burifa’ Hill to the north and covers about 30 
per cent of the land between the Many Lochs and the coast to the north- 
east. The area surveyed, comprising some 486 hectares, is bounded to the 
east by the B855 Dunnet to Dunnet Head road and to the north by the 
line of the Many Lochs. To the west, the coastline of the promontory 
forms a natural boundary to the mire and the southern margin is defined 
by the limits of peat formation or cutting. A baseline, running east to west 
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from near Courtfall Loch to the Red Geo on the coast, was set out and a 
200-metre grid established for systematic survey. 

Topographically, the eastern part of the mire is roughly undulating, 
areas of shallow peat being interspersed with sharp ridges and mounds 
exhibiting rock outcrops. Around Dunnet Hill, slopes are more uniform 
and the peat cover is less variable. Peat depths range from 0-5 to 2-0 
metres, the mean of 88 soundings being just over 1-0 metre. Peat cutting, 
though quite extensive, has been largely confined to the southern and 
eastern margins of the mire into which numerous roads and tracks lead 
from the crofting areas around St. John’s Loch. 

This area of blanket mire supports a relatively varied flora, the species 
composition of which is largely dependent on distance from the sea and 
the extent to which peat has been cut for fuel and other purposes. Close 
to the cliff edge, the peat carries a distinctive flora containing Salix repens 
(creeping willow) and Scilla verna (spring squill), species not normally 
associated with mire vegetation but present here and on other coastal 
peatland sites due to the influence of the sea. Anthoxanthum odoratum 
and Potentilla erecta are characteristically abundant whereas Calluna 
vulgaris and Eriophorum spp. are less conspicuous than on typical 
blanket mire. S. rubellum agg. is the only bog moss present in appreciable 
amounts. 

Away from the cliff edge, the peatland vegetation is characterized by 
Calluna, occasionally dwarfed by exposure, Trichophorum cespitosum, 
Eriophorum vaginatum, Narthecium ossifragum and Sphagnum rubellum 
agg. The abundance of Calluna, the low frequency of Sphagnum spp. 
and the presence of Juncus squarrosus (heath rush) all indicate the rela- 
tively dry nature of this mire type. 

The numerous peat workings provide a diverse habitat for plant growth. 
Well-drained banks support dense stands of Calluna whereas the season- 
ally flooded cuttings are characteristically dominated by S. cuspidatum 
and Eriophorum angustifolium. Dactylorchis maculata var. ericetorum 
(moorland spotted orchid) is relatively abundant throughout the area 
and in places grows and hybridizes with Gymnodenia conopsia (fragrant 
orchid). 

Examination of a series of cores in the field showed that, apart from 
some fragments of Sphagnum and wood remains, the peat is largely amor- 
phous. Values for degree of decomposition are high, ranging from around 
7 in the upper horizons to 8 and over at depths below one metre. As al- 
ready indicated, the moisture content of the peat is generally low, most 
samples containing between 83 and 89 per cent water on a fresh weight 
basis. Ash contents are somewhat higher than normal and occasionally 
exceed 10 per cent. This is at least in part due to the presence in the peat 
of thin layers or lenses of blown sand. 

Although the low moisture content and high degree of decomposition 
favours local exploitation of this deposit as a source of domestic fuel, the 
high ash content significantly reduces the calorific value of the peat. The 
severe exposure would weigh heavily against any attempt to upgrade this 
area for forestry or agricultural purposes. 
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Giar Hill 


The area surveyed lies some 4 kilometres south-west of John 0’ Groats 
and comprises about 360 hectares of deep and shallow peat (Fig. 19, 3). 
The eastern limit is delineated by the A9 trunk road; unclassified minor 
roads running north-west from Everly and towards Seater, respectively, 
form the south-western and north-eastern boundaries. To the north- 
west there is a natural boundary between peat and mineral soil. A base- 
line was established along the line of the A9, and a 200-metre grid set out 
as a basis for systematic survey. 

From the northern part of the area, the ground rises gradually along 
the line connected by a saddle to the conical Warth Hill to the south-east. 
Over the area elevations range from 58 to 124 metres above Ordnance 
Datum. 

Predictably, the peat is deepest on the more gentle slopes in the north 
and north-east sectors and on the comparatively flat saddle between the 
two hills. The maximum depth recorded in these areas was 5-8 metres. 
Elsewhere the peat cover generally varies in depth from one to two metres 
but on the steepest slopes, as for example around the top of Warth Hill, 
it is very shallow and frequently interspersed with rock exposures. 

A striking feature of this bog, and also its eastward extension between 
the A9 and the coast, is the vast amount of cutting that has taken place. 
Most of the peat has been cut over to some extent in the past and some of 
the oldest banks on the slopes of Warth Hill are now almost obscured. 
New cuttings are prominent on the western slopes of Giar Hill. The main 
area so far undisturbed occurs on the saddle between the two hills where 
soft ground and the presence of small dubh lochans have probably inhibited 
exploitation. 

Disturbance due to peat cutting and the hilly nature of the area have 
resulted in the widespread development of a Calluna-dominant vegetation 
with little Sphagnum. Trichophorum cespitosum, Eriophorum vaginatum, 
E. angustifolium and Erica tetralix grow in association with Calluna and 
in places T. cespitosum or Eriophorum vaginatum is dominant. The fre- 
quent occurrence of Juncus squarrosus, Deschampsia flexuosa and Nardus 
stricta is indicative of relatively dry conditions, and disturbance is reflected 
by the presence of Cerastium holosteoides (common mouse-ear chick- 
weed) and Sagina procumbens (procumbent pearlwort), species that 
characteristically colonize exposed peat surfaces. 

Distinctive vegetation types are found locally in abandoned cuttings, 
on areas of relatively level virgin bog and in flushes. Sphagnum cuspidatum 
and Eriophorum angustifolium are particularly abundant in old workings 
that have become flooded or waterlogged. Where the peatland is relatively 
flat and undisturbed, the ground flora is composed predominantly of S. 
rubellum agg. with smaller amounts of S. papillosum and S. cuspidatum. 
Because of the wetness and the abundance of Sphagnum, Calluna is less 
plentiful and the vegetation is more characteristic of typical blanket mire. 
The flushes occupy relatively small areas and have a very distinctive type 
of vegetation, completely unlike that on the surrounding blanket mire. One 
such area, on the west side of Giar Hill, is dominated by Juncus effusus 


PLATE 17/Peat cuttings near Camster. 


PLATE 18/Dubh lochans at Bad a’ Cheo near Spital. 
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PLATE 19/Reseeded deep peat near Scarfskerry. Dunnet Head is in the distance. 


PLATE 20/Trees shaped by the wind. 
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and S. fimbriatum; Polytrichum commune, Agrostis canina (brown bent 
grass) and Anthoxanthum odoratum also occur. 

On the drier Ca/l/una-dominant sites, peat is forming very slowly and 
may even be degrading. However, in areas dominated by Sphagnum, 
peat formation is still active and in the waterlogged cuttings regeneration 
is in progress. 

A peat core for detailed botanical analysis (Fig. 22) was obtained from 
an area of relatively level undisturbed mire on the previously described 
saddle. The lower metre is composed almost entirely of Calluna and E. 
vaginatum remains and below 0-6 metre the peat is devoid of Sphagnum 
except for one occurrence at 1-8 metres from the surface. In the upper 
0-6 metre, Sphagnum remains are relatively abundant but S. rubellum 
agg. is the only recognizable species. Calluna, E. tetralix and E. angusti- 
folium remains are frequent and traces of Rhacomitrium lanuginosum, 
E. vaginatum and Molinia caerulea (purple moor-grass) ‘were recorded. 
The degree of decomposition is high throughout most of the core and 
only drops below H8 in the upper 0-5 metre.’ 

The stratigraphical and botanical features described above suggest that 
until recently the peat accumulated relatively slowly under fairly dry con- 
ditions. The abundance of Sphagnum remains in the top 0-6 metre is 
indicative of increased wetness. 

A notable feature of this core is the absence of wood, a feature shared 
with nine of the fourteen field stratigraphy cores for this area. These 
cores are largely composed of amorphous peat with varying amounts of 
Sphagnum and Eriophorum remains, which are most plentiful towards 
the top of the profiles. Where present, wood remains are confined largely 
to the lower part of the core, except at one site where wood occurs from 
the bottom (3-0 metres) to within 0-5 metre of the surface. 

The peat is generally well decomposed with a mean H value of over 7. 
More than three quarters of the samples examined exceeded H6. The dry- 
ness of the peat is illustrated by the relatively low mean moisture content 
of 88 per cent and a range of 75 to 91 per cent. Ash values range from 
1-8 to 10-4 per cent and, in common with other areas, increase with 

‘depth. Several sites show an initial decrease in ash content below the sur- 
face horizon, the mineral content of which has probably been increased 
by recent burning. 


Stroupster 


The name Stroupster was adopted to designate the extensive tract of 
blanket mire, upwards of 4500 hectares, which lies to the south-west of 
the Giar Hill area (Fig. 19, 4). The eastern boundary is roughly defined 
by the western limits of reclaimed croft-land flanking the A9 trunk road 
between Everly in the north and Nybster, some 6 kilometres to the south. 
Only at one point, south of Hill of Harley, does peat now extend east- 
wards across the A9 and reach the coast. The western boundary of the 
area follows the unclassified road from Brabstermire to Slickly and then 
runs due south to Ruthers of Howe. The northern and southern limits are 
arbitrary and run east to west from near Everly to Brabstermire school 
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and from Nybster to Ruthers of Howe, respectively. Because of the size 
and apparent uniformity of this area, survey was confined to multiple 
traverse, lines being approximately 500 metres apart; levels and depths 
were recorded at 200-metre intervals. Samples for standard analyses were 
taken at 0-5-metre intervals of depths from 33 selected bore holes. 

The terrain is gently undulating and elevations range only from 30 to 
80 metres above O.D. On the whole drainage is moderately good, the main 
outfalls being the burns of Alterwall in the south-west and Freswick in 
the north-east. Each of these burns is served by a dense network of smaller 
burns and flushes radiating from larger tributaries. Apart from two areas 
of mineral soil (peaty gley) in the vicinity of Stroupster Farm, the peat 
cover is almost continuous and is also relatively uniform, the average 
depth along survey lines being 2:5, 2:2, 2-1, 2:3, 2:2 and 1:8 metres 
respectively. The deepest bore, 5-0 metres, was recorded in the vicinity: 
of some large dubh lochans located due east of Alterwall. Shallow peat 
(less than one metre) is largely confined to the perimeter of the mire and 
its boundaries are clearly coincident with those of areas where extensive 
cutting for fuel has taken place, particularly in the south and east. 

Dissection of the area by numerous flushes and natural drainage chan- 
nels has resulted in a complex pattern of alternating oligotrophic and 
mesotrophic vegetation. Species indicative of flushed or soligenous con- 
ditions include Sphagnum recurvum, Equisetum palustre (marsh horsetail), 
Viola palustris (marsh violet), Potamogeton polygonifolius (bog pond- 
weed), Juncus effusus, Drapanocladus revolvens, Moerchia hibernica 
and several grasses and sedges. 

Between the drainage channels, the peat supports a flora characteristic 
of relatively dry ombrotrophic mire. Sphagnum spp. occur infrequently 
except in the wetter areas towards the south-west where S. rubellum agg., 
the most common bog moss, is locally abundant. Calluna and Tricho- 
phorum cespitosum are the main dominants and grow in association with 
Eriophorum vaginatum, E. angustifolium, Erica tetralix, Narthecium 
ossifragum and other typical blanket mire species. Apart from drainage, 
grazing and burning have clearly contributed to the destruction and sup- 
pression of the Sphagnum ground cover and accordingly to the drying 
out and consolidation of the peat surface. 

Stratigraphical features were recorded in the field at 29 of the 33 sites 
selected for routine sampling. In unflushed blanket mire between the drain- 
age channels, Sphagnum remains are generally confined to the upper half 
metre of peat although at a few sites they occur throughout the profile. 
The Sphagnum peat is normally underlain by one and a half metres of 
sedge peat in which wood remains frequently occur towards the base. 
Sub-fossil analyses suggest that initially the Stroupster area supported a 
mosaic of sedge-carr, sedge and Sphagnum communities, the nature and 
distribution of which depend on local hydrological and nutrient con- 
ditions. Later the sedge-carr and sedge communities were largely suc- 
ceeded by more typical blanket mire vegetation, but locally, in flushes and 
drainage channels where ground-water influence was maintained, meso- 
trophic vegetation survived. 

Effects of drainage are clearly indicated by the relatively low moisture 
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content, less than 90 per cent, and high degree of decomposition, H6, in 
the top half metre of the peat. Below this horizon, the main moisture 
content rises to a maximum about half way down the profile and the de- 
gree of decomposition is generally highest in the lowest horizons (Fig. 
23). On a fresh weight basis, moisture contents range from 79 to 98 per 
cent with a mean of 90 per cent. The degree of decomposition ranges from 
H4 to H9, the overall mean being H7. The ash content of the peat ranges 
from less than 2 to over 12 per cent on a dry weight basis. At the majority 
of sites the percentage ash exhibits a marked increase with depth (Fig. 23). 

Although of considerable extent and containing upwards of 10 million 
tonnes of peat solids, the area is somewhat too dissected for effective 
mechanical peat harvesting: despite the limitations imposed by exposure, 
afforestation and pasture improvement are more feasible. 


Wag Hill 

Areas of deep and shallow peat examined to the south and north-east of 
’ Wag Hill (Fig. 19, 5) are typical of a much wider expanse of blanket mire 
bordering the valleys of the Dunbeath Water and its tributaries to the 
north and extending almost to the Berriedale Water near the southern 
extremity of the area. Elevations range from around 120 to over 275 
metres above Ordnance Datum and the topography is generally undulat- 
ing and somewhat hilly. The peat cover is very variable, ranging in depth 
from about 6 metres in the valley bottoms to 0-5 metre on the steeper 
slopes and hill summits. On the lower ground between 120 and 200 metres, 
much of the mire surface is relatively flat or gently sloping and the peat 
has an average depth of about 3 metres. However, depths vary markedly 
over comparatively short distances, reflecting the irregular nature of the 
underlying terrain—a feature that would restrict or preclude peat-winning 
by mechanical methods. 

Although some of the deeper deposits have affinities with valleyside 
mire (Goode, 1972), the vegetation is characteristic of virgin oligotrophic 
blanket bog. Trichophorum cespitosum is generally the most abundant 
vascular plant and grows in association with Calluna vulgaris, Eriophorum 
spp., Erica tetralix and Narthecium ossifragum. The bog mosses are 
predominantly Sphagnum papillosum and S. rubellum agg. Over areas 
where the peat is shallow (less than one metre), as for example on the 
north-east spur of Cnoc na Feadaige, Calluna is dominant and grows 
quite vigorously in the relatively drier conditions. Eriophorum vaginatum 
and Erica tetralix are frequent to abundant but bog mosses are not well 
represented, the main species being Sphagnum rubellum agg. 

The main stratigraphic features of a 4-metre core taken near the upper 
reaches of the Allt Bhuailteach Burn are shown in Fig. 22. The bottom 
metre is composed predominantly of wood and sedge remains among 
which S. rubellum agg. and seeds of Menyanthes trifoliata occur infre- 
quently. This horizon represents a sedge-carr stage of development, 
initiated and maintained by ground-water derived from the stream or 
valley slopes. From 3-0 to 0:6 metres wood and sedge remains are still 
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abundant but this layer is distinguished by a greater variety of plants in- 
cluding Sphagnum squarrosum, Phragmites communis (reed) Menyanthes 
trifoliata and Molinia caerulea, species all indicative of flushed conditions. 
At 1-6 metres there is a marked change from nutrient-enriched sedge- 
carr to nutrient-poor or oligotrophic peat in which remains of Eriophorum 
vaginatum and Calluna predominate. Between 1-6 and 0:7 metres bog 
mosses are very poorly represented but above this horizon remains of S. 
rubellum agg. are relatively abundant. 

The stratigraphic sequence described above is typical of most areas 
where peat exceeds one metre in depth, though the profile is often greatly 
condensed. The shallow peat (less than one metre) is largely amorphous 
and the few plant remains identifiable are similar to those found in the 
upper horizons of the deeper part of the mire. 

In general the peat is highly decomposed, H values ranging from 7 in the 
upper horizon to 9 at the base of the profile. Occasionally layers of less 
decomposed (H4) Sphagnum peat up to one metre thick occur in the deepest 
parts of the mire. Ash values are on the whole very low, being usually less 
than 3 per cent in the top two metres and rising infrequently to around 6 
per cent in the lower horizons. Moisture contents show little variation 
with depth but are considerably lower than those recorded for the larger, 
more uniform and typical areas of blanket peat in the central part of the 
sheet. 


Ulbster 


The mire lies about 8 kilometres south of Wick on the east side of the A9 
road near the village of Sarclet (Fig. 19, 6). Though covering only 85 hec- 
tares it is nevertheless the best example of a basin mire in the area reviewed 
and accordingly was surveyed in some detail on a fairly close grid (maxi- 
mum interval 100 metres) set out from a baseline along the minor road 
that forms the eastern boundary of the deposit. Roughly triangular in 
shape, the mire tapers southwards to a narrow strip confined between the 
road and the eastern slopes of the Hill of Ulbster (Fig. 24). The mire sur- 
face lies between SO and 60 metres above O.D. and is gently undulating, 
the main fall being from the centre to the southern tip of the area. Basal 
contours, established by subtracting peat depths from surface levels, 
show that the sub-peat topography is dominated by a deep channel, 1000 
metres long and 200 to 100 metres wide, which runs in a north-south direc- 
tion parallel to and approximately 100 metres from-the western boundary 
of the mire. This channel is narrower and more pronounced towards its 
southern end, the former outlet of which was blocked by colluvial and 
other material, probably prior to the initiation of peat development. Over 
much of the mire peat depths are in excess of 2 metres and along the line 
of the trough the peat is generally more than 6 metres deep. The maximum 
depth recorded was around 9 metres. Some attempt has been made to 
drain the mire surface but cuttings are few and are largely confined to 
areas of shallow peat round the perimeter. 

Over most of the mire the vegetation is composed predominantly of 
Calluna, Erica tetralix, Eriophorum angustifolium, E. vaginatum and 
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Trichophorum cespitosum, the main mosses are Sphagnum papillosum, 
S. rubellum agg., Hypnum cupressiforme and Pleurozium schreberi. 
Variations in the base status are reflected by the local abundance of Carex 
sp. e.g. C. binervis (ribbed sedge) and C. panicea (carnation-grass). Their 
presence is indicative of nutrient enrichment, probably by water from the 
surrounding mineral ground seeping through the upper peat layers. 


Hill of 
Ulbster 


Ulbster 


Fic. 24 Bottom (a) and Surface (b) Contour Maps of Ulbster Mire (all contours 
at 1 m vertical intervals) 


The larger ditches support a distinctive flora which includes Pota- 
mogeton polygonifolius, Viola palustris and Equisetum palustre. Some 
parts of the mire, particularly to the north of the main ditch, have been 
modified by drainage and grazing and here Juncus effusus, Holcus lanatus 
(Yorkshire fog) and Anthoxanthum odoratum grow in association with 
more typical species. , 

The nature and diversity of the vegetation suggests that the mire is at 
the intermediate or transitional stage of development between low moor, 
characterized by the formation of fen peat, and domed or convex raised 
bog that forms above the level of ground-water influence. Drainage and 
grazing could possibly prevent development beyond the present stage. 

A core for detailed botanical analysis (Fig. 22) was obtained from the 
southern part of the mire. Eight metres of peat were recorded overlying a 
marl-like lacustrine deposit consisting chiefly of silt, clay and diatom 
frustules, deposited under fresh water conditions. The marl is overlain by 
0-3 metre (8-0 to 7-7 metres ) of silty peat in which Menyanthes seeds are 
the main identifiable components. This peat, formed during the early 
stages of mire development, also contains remains of sedge and related 
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plants characteristic of shallow water conditions. As the peat increased in 
depth, shrubs or small trees (probably birch) invaded the mire, giving rise 
to a horizon (7-7 to 6-2 metres) representative of a sedge-carr community, 
possibly with some areas of open water. The moss Hylocomium splendens 
is abundant in the lower part of the zone. Transition from fen-carr to 
poor fen is marked by a reduction in the proportion of woody plants 
(6:2 to 5-0 metres), culminating in the development of poor fen proper 
(5-0 to 2-2 metres) which was dominated by sedges growing in associa- 
tion with Menyanthes, Potamogeton and mosses such as Acrocladium 
giganteum, Eurhynchium praelongum and Hypnum cupressiforme. 
Lowering of the base status and increased acidity, probably as a result of 
decreased inflow due to a raising of the mire surface, are indicated by the 
occasional occurrence of Sphagnum rubellum agg. remains. 

Between 2:2 and 1-5 metres, sedges, Sphagnum and remains of Phrag- 
mites, a plant usually associated with base rich habitats, both increase in 
abundance. Scorpidium scorpioides and Camptothecium stellatum were 
also recorded. Above 1-5 metres, remains of Sphagnum (S. papillosum 
and S. rubellum agg.) and several ericoid species (Fig. 22) are plentiful 
and these together with Eriophorum angustifolium remains predominate 
in the top 0:5 metre, indicating acid nutrient-poor conditions. However, 
the presence of S. palustre and sedge components suggests that a certain 
degree of nutrient enrichment still occurred. 

Where the peat is relatively shallow, sedge-carr persisted longer and in 
some cores, particularly those taken towards the perimeter of the mire, 
wood remains occur close to the surface and sedge remains are present 
throughout. 

The peat exhibits a low to moderate degree of decomposition ranging 
from H2 to H4 in the upper horizons of the mire to H5 and over at depth 
(Fig. 23). Moisture contents also increase down the profile rising from 
around 85 per cent in the surface layers to over 94 per cent near the base 
of the profile. Ash contents are generally high throughout, values of less 
than 5 per cent being recorded only for samples of the more oligotrophic 
peat from the mire surface. Elsewhere ash contents reflect a strong ground 
water influence and in some samples exceed 12 per cent. — 


North and west of the main bog areas, peat occurs in isolated deposits 
on the gently undulating surface of the-Northern Plain (Fig. 19, 7). These 
deposits are mostly remnants of once more extensive areas of blanket 
bog which have been cut away or cut over to supply fuel for nearby farms 
and centres of population like Thurso, Halkirk and Castletown. Locally 
a few bogs may have developed in and remained confined to basin type 
situations. The following are typical of the range of deposits examined. 


Moss of Greenland 


Located about 6 kilometres south-east of Castletown, the mire (Fig. 19, 7a) 
covers an area of around 130 hectares and ranges in elevation from 50 to 
60 metres above Ordnance Datum. Borings made along two transect 
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lines recorded peat depths of from 0-9 to 1-8 metres, but evidence from 
old banks suggests that the original peat cover may have exceeded 3 metres. 
Drainage is poor, probably inhibiting further cutting, and the greater 
part of the mire supports a vegetation dominated by Calluna, Eriophorum 
and Sphagnum spp., similar to that found on virgin blanket bog. The 
peat is mainly derived from a sedge-carr community, wood forming the 
bulk of identifiable plant remains. As indicated, most of the oligotrophic 
peat has been removed by cutting. The remaining sedge-carr peat is mod- 
erately to well decomposed, H values ranging from 5 to 8, and moisture 
contents usually exceed 90 per cent. Ash contents, which range from 
3-0 to 8-0 per cent, are similar to those of the lower horizons of typical 
blanket mire. 


Weydale Moss 


Because of its proximity to Thurso, only 3 kilometres to the north-west, 
and its accessibility from the A882 trunk road, this deposit (Fig. 19, 7b) 
has been severely cut over and now comprises but a remnant of a much 
larger and deeper mire. Only near the centre do depths exceed one metre 
and in general the surface is relatively dry, level and heavily grazed, 
especially round the perimeter where the vegetation is dominated by 
Anthoxanthum odoratum, Holcus lanatus, Festuca vivipara (viviparous 
sheep’s fescue) and other grasses. Elsewhere the vegetation comprises a 
patchwork of mesotrophic and oligotrophic communities. The peat is 
composed largely of remains of sedges and wood and has a low to mod- 
erate degree of decomposition, H values ranging from 3 to 6. The average 
moisture content is 89 per cent but ranges from as low as 84 to over 93 per 
cent, thus reflecting the wide variation in surface conditions. The ash 
content ranges from 4 to 17 per cent (mean 9 per cent) and is somewhat 
high for fuel peat. The area could, however, be greatly improved for 
agricultural use. 


Hecken Moss 


Located at about 80 metres above Ordnance Datum near Hastigrow on 
the B876 Castletown to Wick road, Hecken Moss (Fig. 19, 7c) is clearly a 
remnant of a much larger area of peat, most of which has been cut away 
and reclaimed for agricultural use. The remainder, covering some 
75 hectares, occupies a shallow basin towards the centre of which depths 
of over 3 metres were recorded. Drainage and grazing have in part dried 
and consolidated the surface which now carries rough pasture dominated 
by Anthoxanthum odoratum, Nardus stricta, Molinia caerulea and Festuca 
ovina (sheep’s fescue). Locally, Calluna, Erica tetralix and Sphagnum spp., 
plants indicative of the former oligotrophic conditions, still survive. 
Botanically, the peat is composed largely of sedge remains but some wood, 
heath and moss components were also recorded. The degree of de- 
composition is relatively low ranging from H2 to H6 with a mean of H4 
(Fig. 23). Moisture contents range from 84 to over 96 per cent, the mean 
being 91 per cent. Values for per cent ash range from 4 to 16 and are 
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characteristic of peat derived from plants that grow under relatively 
mesotrophic conditions where ground-water influence prevails. 


Yellow Moss 


Located just south of Halkirk, this deposit (Fig. 19, 7d) was also much 
more extensive in former times and most of the remaining 140 hectares 
- could be readily reclaimed. The present vegetation comprises a mixture 
of characteristic blanket mire species and plants of wet rough grazings 
such as Juncus effusus, Anthoxanthum odoratum and Festuca ovina. 
Depths range from 1-0 to 2-5 metres and the peat is mainly composed of 
sedge remains and fragments of wood. The area drains naturally into the 
River Thurso via the Yellowmoss Burn and the mean moisture content of 
the peat, 87 per cent, is relatively low. The degree of decomposition shows 
little variation, the mean being around H6, but ash contents range from 3 
to 26 per cent, the mean being 12 per cent. The remaining peat is therefore 
of limited value as a fuel. 


Marl Moss 


Although only 8 hectares in area, Marl Moss (Fig. 19, 7e) is of interest as 
an example of a eutrophic mire or moderately rich fen. Equisetum fluviatile 
(water horsetail) grows in abundance together with Caltha palustris 
(marsh marigold), Teucrium scordium (water germander), Filipendula 
ulmaria (meadow-sweet), Cratoneuron commutatum, Acrocladium 
cuspidatum, Mnium spp. and a number of other species associated with 
nutrient enrichment. The surface organic layer is usually less than one 
metre thick and since the ash content ranges from 25 to over 60 per cent 
cannot be regarded as true peat. The deposit is therefore in a transitional 
stage between marsh and fen. The organic material is largely amorphous 
and although the surface is extremely wet, the mean moisture content is 
only 82 per cent, a reflection of the high ash content of the peat at this 
site. 


POLLEN ANALYSIS:-AND VEGETATIONAL HISTORY 


Pollen grains and spores are normally well-preserved in acid anaerobic 
deposits such as peat and lake-bottom sediments. Consequently pollen 
analysis of samples taken at close regular intervals (0-05 or 0-1 metre) 
from a complete core can be used to study the nature of the vegetation 
that grew on and around the site at different stages of development. 
After laboratory preparation, pollen and spores shed by plants can be 
isolated from the preserving matrix and indentified by microscopic exam- 
ination. 

Conventionally, results of pollen analysis are presented in the form of 
pollen diagrams showing the depth (or time)/frequency distribution of 
pollen grains recorded for different plants and plant groups. These 
frequency graphs exhibit fluctuations that are generally common to pollen 


PLATE 21/Mosaic of part of North Shielton area. 

1—virgin bog, 2—areas drained for pasture improvement, 3—peat workings, 
4—abandoned workings, 5—areas cut-over and improved, 6—reclaimed area. 
Ordnance Survey photograph, Crown Copyright Reserved. 


PLATE 22/Air photograph, scale approximately 1 : 10,000, of part of Shielton Bog 

(ND 217464) showing extensive deep peat with channels of alluvium. The Munsary Dubh 
Lochs are in the centre of the picture. Ministry of Defence (Air Force Department) 
photograph, Crown Copyright Reserved. 
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diagrams over a wide geographical range and that, along with strati- 
graphical evidence, can be used to deduce a system of periods and related 
chronology into which pollen diagrams can be divided (Table K). These 
divisions, although recognizable over much of northern and western 
Europe, nevertheless become increasingly difficult to discern in pollen 
diagrams from peripheral regions such as the extreme north and west of 
Scotland. Accordingly, on the accompanying diagrams for three sites in 
Caithness, no attempt has been made to demarcate interperiodic bound- 
aries other than the most easily identified—the Boreal-Atlantic Transition 
(B.A.T.), which separates zone VI from zone VIIa. 


Table K/Late- and Post-Glacial Chronology 


Years before 
present Climatic Period Zone Era 
Sub-Atlantic VIil 
2500 
Sub-Boreal VIIb 
5000 
Atlantic Vila Post-Glacial or 
7500 Flandrian 
' Boreal VI 
9000 pos 
Early Boreal Vv 
9600 
Pre-Boreal IV 
10,300 
Upper Dryas Ill < 
10,800 Late-Glacial or 
Allerod Il Devensian 
12,000 
Lower Dryas I . 
Glacial 
Braehour 


This site is located at about 76 metres above O.D. near Braehour Farm 
on the eastern edge of Altnabreac Bog (Fig. 19, 1c) some 16 kilometres 
south of Thurso. 

Pollen diagrams for this site (Fig. 25) show the marked fall in frequency 
of Coryloid (hazel) pollen at 5-0 metres depth and a slight rise in the 
value for Alnus (alder) at 4-0 metres. The initial alder rise seems to be 
obscured by the very high counts for Betula (birch) and Pinus (pine). At 
2-8 metres there is a marked change in the arboreal/non-arboreal pollen 
ratio, due mainly to a rapid increase in the Ericoid pollen, and also a 
sharp drop in pine as birch and alder rise. Prior to the increase of hazel 
pollen in the pre-Boreal period, Selaginella is recorded with very high 
values and is accompanied by a varied herbaceous pollen count. Throughout 
the profile, Quercus (oak) and Ulmus (elm) are scarce and only one grain 
of lime was recorded. 
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Flows of Leanas 


This site lies in an area of deep, very wet, dissected peat at 91 metres O.D. 
within Achairn Moss some 10 kilometres to the west-south-west of Wick 
(Fig. 19, 1d). 

The diagram (Fig. 25) displays a pine curve which is highest in the Boreal 
period and declines in the post-Boreal until near the top of the profile. 
The Boreal-Atlantic Transition is placed at 3-8 metres where hazel is 
near a minimum, alder starts a rise to high values, and there is a change 
in the peat stratigraphy. At 3-6 metres the proportion of tree pollen falls 
rapidly and continuously until the top of the profile, due mainly to the very 
high frequency of Ericoid pollen. Trees of the mixed oakwood are very 
scarce throughout. 


Moss of Quintfall 


Samples from this moss were taken near the Black Loch situated at an 
elevation of 45 metres, approximately 18 kilometres from Dunnet 
Head. 

In this diagram (Fig. 25) the Boreal-Atlantic Transition is placed at 
2-0 metres where the level of alder rises, pine is low, and hazel increases 
again after the minimum of the late Boreal; birch is at its maximum and 
tree pollen is rapidly declining from high values in the Boreal. Throughout 
the post-Boreal period nowhere does pine exceed birch, and oak and elm 
are consistently very low. ; 


Discussion of Diagrams 


These diagrams show that up to the time of the Boreal-Atlantic Transition, 
arboreal pollen accounted for up to 80 per cent of the total, but afterwards 
declined to much lower values as non-tree vegetation, almost entirely 
ericaceous, assumed a dominant role. 

In all three diagrams, the frequency of pine pollen is higher before 
than after the Boreal-Atlantic Transition, the above-average counts for 
Braehour being a reflection of its proximity to areas in Sutherland where 
there is evidence of a long history of pine abundance (Crampton, 1911). 
Although somewhat scarcer, pine pollen was recorded continuously in 
samples from lower elevations in Caithness and it is interesting to note 
that Crampton (1911) reported the existence of preserved pine tree roots 
in peat as far east as Hempriggs, within a few kilometres of Wick, and 
also from Camster and Lochan Thulachan further to the south-west. 

Birch, however, is the most frequent tree contributor to the pollen rain, 
dominating the woodland throughout at Flows of Leanas and Quintfall 
and, after the Boreal-Atlantic Transition, at Braehour. At the last locality, 
trees of the mixed oakwood were never recorded with greater frequency 
than an occasional grain. The Flows of Leanas diagram shows slightly 
higher values for this group and the Quintfall record occupies a more or 
less intermediate position. The dominating influence of the Ericoids in 
the post-Boreal vegetation of Caithness is perhaps the most striking 
feature to emerge from the diagrams. 
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The Ulbster basin (Fig. 19, 6) is approximately 9 metres deep and is of 
interest because the bottom deposits are probably of late-glacial (Devensian) 
age. There is therefore ground for believing that the extreme north-east 
of Scotland was already free of glaciation and the environment suitable 
for the accumulation of organic deposits some 10,000 to 12,000 years 
ago. This conclusion agrees with evidence from other sites in the far 
north-west of the country (Kirk and Godwin, 1963; Pennington et ai., 
1972). 


INDIVIDUAL SPECIES AND GROUPS 


Birch clearly is a constant and abundant genus throughout post-glacial 
time. The Braehour pollen diagram shows that in the lower two thirds of 
the profile birch shared dominance with pine and in the diagrams from 
the other sites it is recorded from the beginning as dominant or co-dominant. 
Whether the birch pollen represents tree birch only or whether some was 
derived from the dwarf species, Betula nana, is not certain as differentiation 
is difficult. 

As the heavy pollen producers, pine and birch, together produce ; a 
large proportion of the arboreal pollen total, especially before the Boreal- 
Atlantic Transition, it can reasonably be concluded that similar numbers 
of pine and birch trees contributed to the general pollen rain. Whether 
these trees grew with some degree of separation or as members of a mixed 
forest is impossible to judge from the pollen evidence, but that there were ~ 
some areas more or less wholly under pinewood can be deduced from the 
number of sites at which pine stumps are exposed by erosion of the peat 
(Crampton, 1911). 

Alder is constantly present at all sites after the Boreal-Atlantic Transition 
and at a few levels reaches values higher than those recorded for pine. The 
initial rise of alder frequency is well defined in the diagrams and is an 
important indicator of the onset of the wetter Atlantic period commencing 
at the Boreal-Atlantic Transition. 

Quantitatively, the other arboreal members of the vepetation are rela- 
tively unimportant, amounting to only a few per cent. Nevertheless, 
although scarce, oak and elm are continuously represented for several 
metres of the profiles and their presence in the native woodland cannot 
be ignored. 

The combined totals for tree pollen givea wood indication of the extent 
of woodland as a whole. A striking feature in all the pollen diagrams is 
the sharp reduction of trees which coincided with the dramatic rise of 
Ericoid pollen frequency. This best illustrated in the diagram for Flows 
of Leanas in which arboreal pollen never recovers from the decline 
immediately after the Boreal-Atlantic Transition. The question of the 
environmental change favouring heathland plants at the expense of 
forest remains to be assessed. It would seem that the trend towards a 
more Oceanic type of climate gave rise to a widespread development of 
peat on which ericaceous plants, in particular Calluna vulgaris, flourished. 
The upper levels of the diagrams reveal a further increase of Calluna, 
probably in response to the increased oceanicity of the climate in late 
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Flandrian time and possibly also to some reduction of the forests brought 
on by human activity. The Caithness moors thus appear to have a long 
and continuous history of several thousand years. The arboreal pollen 
record indicates that until the last millennium or so woodland was much 
more in evidence than at the present time. 


ANALYTICAL RESULTS 


Results of analyses of peat samples taken at 0-5-metre intervals of depth 
from ten selected sites are given in Appendix VI, Tables 18-27. In general 
these reflect conditions under which the peat originated and subsequently 
developed but in some cases trends are inconsistent and difficult to inter- 
pret. 

The ash content was measured by igniting a 2-gramme sample of oven- 
dry milled peat at 500°—550°C. From a solution of the ash in dilute hydro- 
chloric acid, total calcium, sodium, potassium and magnesium were 
determined spectrochemically and total phosphorus was determined 
colorimetrically using vanadomolybdate reagent. The pH value was 
measured in a 1:2 suspension in water using a glass electrode. Total nitro- 
gen was determined by a semi-micro Kjeldahl method. 

Ash contents range from 1-5 to 14-4 per cent but are generally ise 
than 4 per cent except for samples taken near the peat-mineral soil inter- 
face or from mires that have been influenced during development by 
mineral matter brought in by wind or surface water. Overall there is a 
tendency for values to increase with depth. The above-average ash con- 
tents for samples from basin peat at Ulbster (Table 25) reflect the 
minerotrophic conditions that prevailed at this site. The relatively high 
values recorded at Yellow Moss (Table 27) are characteristic of peat, and 
muck, formed under lacustrine or semi-lacustrine conditions from a 
relatively rich fen-type vegetation. 

The pH values, which range from 3-3 to 5-2, are low and at some sites, 
such as Altnabreac (Table 20), show a remarkable consistency with depth. 
At other sites, notably North Shielton (Table 18) and Ulbster (Table 25), 
there is a tendency for the pH to increase towards the bottom of the 
profile. At Yellow Moss (Table 27), the exceptionally high pH value of 
6-4 in the lowest horizon—which with an ash content of over 40 per cent 
is nearer muck than peat—can be attributed to the influence of the calcareous 
marl that underlies this mire. 

At most sites, calcium, shows a distinct tendency to increase with depth; 
overall, values range from low (0-081 per cent) to moderate (2-875 per 
cent. The high concentration of calcium, and indeed potassium, in the 
surface horizon at Giar Hill (Table 23) may be due to burning or con- 
tamination by lime and fertilizer from adjacent arable land. The relatively 
high values occurring throughout the Yellow Moss profile again indicate 
the calcareous nature of the basal material. Values for Ulbster mire 
(Table 25) are also indicative of strong minerotrophic conditions. 

Values for sodium, which range from 0-019 to 0-099 per cent, are 
low and generally show neither marked difference nor consistent trends. 
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Results for potassium are similar, ranging from 0-006 to 0-052 per cent, 
the values for Yellow Moss (Table 27) being above average. The amounts 
of magnesium range from 0-058 to 0-360 per cent and in some mires 
show a tendency to increase to about half way down the profile and to 
decrease thereafter. Other deposits, like Ulbster (Table 25) show the 
opposite trend. Total phosphorus is very low, ranging from 0-009 to 
0-078 per cent; values tend to be somewhat higher in the surface than in 
the sub-surface horizons. Results for nitrogen, which range from 1-00 to 
2-65 per cent, are moderate to high but show no consistent trends. 


6| Analytical Data 


During the period of the survey, soil samples were taken from profiles 
considered typical of the mapped units. Standard analytical determinations, 
namely loss on ignition, soil separates, exchangeable cations, percentage 
base saturation, pH, carbon, nitrogen and total phosphorus were carried 
out on each sample. In a few selected profiles the fine sand fraction was 
examined by gravimetric and optical methods and the clay fraction by X-ray, 
differential thermal analysis and selective chemical dissolution techniques. 
Trace elements were determined by spectrochemical techniques. 


STANDARD ANALYTICAL DATA 


Some 160 profiles were sampled, of which 82 were selected as represen- 
tative of both the areal extent of individual soils and of variations within 
the individual. Standard analytical data for the 82 profiles are given in 
Appendix III, each profile being numbered for ease of reference. The 
following discussion is concerned with the values and the trends shown 
within the soil associations, major soil subgroups and soil series. 


Loss on Ignition 


Loss on ignition measures the percentage weight lost when a sample of 
oven-dry (105°C) soil is heated at a temperature of 850°C for two hours. 
This weight loss is due chiefly to the oxidative destruction of organic matter 
to carbon dioxide and water, the loss of structural water from clay minerals 
and the loss of carbon dioxide from any free calcium carbonate present. 
In the surface horizon of noncalcareous soils of moderate clay content 
the value for loss on ignition gives an estimate of the organic content of 
the soil sample (Ball, 1964). 

In general, the loss on ignition decreases with depth in the soil profile 
in all major soil subgroups. The highest values are in the organic soils 
(Nos. 68-76), in the organic horizons of the peaty podzols (Nos. 20-34) 
and the peaty gleys (Nos. 54-56, 60-63, 66 and 67) and in the subalpine 
podzol (No. 19). Moderate values (3-8 per cent) occur in some A,g 
horizons, where there has been an accumulation of organic matter either 
by translocation or by the development of a root mat above a thin iron 
pan. The S horizons of some cultivated peaty gleys (Nos. 58 and 65) show 
high (8-13 per cent) loss on ignition values. 

Some of the peaty podzols and peaty gleys, whilst conforming to the 
general trend of decrease with depth, show an increase in loss on ignition | 
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in the C horizon (Nos. 31, 33 and 67) or Cg horizon (Nos. 55, 57, 58 and 
63). 

The noncalcareous gleys also show an increase in loss on ignition at 
some level down the profile. Profiles Nos. 37, 44, 46, 47, 52 and 53 show 
the increase in the B;g horizon, profiles Nos. 40 and 43 in the B,g/Cg 
horizon and profiles Nos. 45, 49 and 51 in the Cg horizon. A number of 
the noncalcareous gleys show a double maximum, one in the B,g horizon 
and another in the Cg horizon (e.g. Nos. 46 and 53). Profile No. 48 goes 
completely against the general trend in that below the S horizon there is 
an increase in loss on ignition with depth. 


Soil Separates 


Soil separates—sand, silt and clay—are determined by mechanical analysis, 
the values obtained being for the size limits laid down by the International 
Scheme of Mechanical Analysis (sand 20-2000 yp, silt 2-20 and clay <2 jy) 
and by the United States Department of Agriculture (sand 50-2000 un, 
silt 2-SO yw, and clay< 2 yp). The relative proportions of these fractions in a 
soil is referred to as texture. The two schemes are shown in more detail in 
Appendix II, and both sets of values are quoted in Appendix III. 

In general, the texture of the drift deposits in the area ranges from 
moderately coarse to moderately fine. Extremes in texture are found in 
the soils developed on wind-blown sand (Nos. 1-3, 35, 36 and 77), on 
fluvioglacial deposits (Nos. 9, 25 and 28) and on sandstone of the Upper 
Old Red Sandstone (No. 27). 

The podzols and peaty podzols are developed on parent materials with 
a wide range of textural class. Those of the Thurso Association have 
between 2 and 6 per cent clay in the deep phase developed on moraine 
(Nos. 18 and 34) and between 8 and 22 per cent clay in the intermediate 
phase developed on stony drift (Nos. 12-17 and 31-33). A similar degree 
of textural variation is shown by the podzols and peaty podzols of the 
Berriedale Association with from 8 to 20 per cent clay in profiles developed 
on till (Nos. 6, 7, 20 and 21) and with less than 1 per cent clay in the 
profile developed on moraine (No. 22). The peaty gleys and the non- 
calcareous gleys are generally developed on parent materials with more 
than 15 per cent clay. 

A maximal clay content in the B horizon is a feature of many of the 
peaty gleys and the noncalcareous gleys. In the Canisbay series (Nos. 57-59) 
the clay values in the B,g or Bg/Cg horizon are about 8 per cent higher 
than in the S horizon; in the Olrig series the clay values in the B,g or B;g 
horizon are from 5 to 11 per cent higher than in the horizon above 
(e.g. Nos. 61-65). Below the horizon of maximum clay content, both 
series show a slight decrease in clay values down the profile. Profiles 
Nos. 64, 65 and 67 show an increase in clay content down the profiles. 
Profiles Nos. 39, 41, 47, 50 and 51, noncalcareous gleys, show maximum 
clay content in the B,g or B;g horizon. Trends seem to be less consistent 
in the noncalcareous gleys; in some profiles the clay content increases 
with depth (e.g. Nos. 37, 38, 40 and 42) while in others it is more or less 
constant throughout the B,g/Cg and Cg horizons (e.g. Nos. 43, 45, 46, 
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49 and 51); profiles Nos. 43 and 46 show minimal clay values in the B,g 
horizon. High U.S.D.A. silt values are noted in the S(g) horizon of profiles 
Nos. 49 and 50, in the B/C horizon of the Scraulac series (No. 19) and in 
the B,g horizon of profile No. 39 (Cam-leathad series) and profile No. 49 
(Thurso series); high U.S.D.A. silt figures are found also in the alluvium 
profiles Nos. 79 and 80 and in the marl band and the C, horizon of 
profile No. 82. 

The results of water sorting are well illustrated in the mechanical 
analysis of profiles Nos. 52 and 53 (Sibster series); the surface horizon of 
profile No. 53 shows a low clay content and profile No. 52 has a very low 
clay value in the B,(g). 


Exchangeable Calcium 


Very high values for exchangeable calcium occur in the brown calcareous 
soils (Nos. 1-3) and calcareous gleys (Nos. 35 and 36) of the Fraserburgh 
Association. These values should be regarded with some reservation as 
the analytical leachate not only displaces calcium from exchange sites 
within the organic matter and clay mineral complex, but is also responsible 
for some solution of free calcium carbonate. The Whitelinks profile (No. 36) 
shows a relatively low value for exchangeable calcium in the A horizon, 
apparently due to soil processes, particularly leaching, taking place 
under stable physical conditions. The current addition of wind-blown 
shelly sand to the surface horizon seems of little significance, possibly 
because the area has been afforested and the trees act as natural wind- 
breaks. 

High (>8 m.e./100 g) levels of exchangeable calcium are present in 
some of the organic soils (e.g. Nos. 68, 70, 71, 75 and 76). These values, 
unlike those of calcareous soils, are a true measure of exchangeable 
calcium, but before they can be used as a measure of nutrient status, it 
must be remembered that all such values are calculated on a weight basis 
(m.e./100 g), and in low-density organic horizons plant root systems can 
only draw on a small weight of soil. Profiles Nos. 75 and 76 are basin 
peat and subject to flushing. Profile No. 82 shows high values for 
exchangeable calcium, particularly in the marl band, but as in the Fraser- 
burgh Association, these figures should be treated with some reserve. 
The podzols show generally low levels (<3 m.e./100 g) throughout except 
in the S horizon where medium to high values are a reflection of fertilizer 
practices and crop husbandry both past and present. There is a general 
decrease down the profile but with a slight tendency for an increase in the 
B,/C or C horizon (e.g. Nos. 6, 14, 15, and 18). Profiles developed on 
coarser textured parent materials (e.g. Nos. 7-9) are markedly lower in 
exchangeable calcium, with levels often at the lower limit of determination 
in the sub-surface horizons. Profile No. 15 is somewhat anomalous in 
that medium values occur throughout the B and C horizons. 

The subalpine podzols (No. 19) and the peaty podzols have very low 
exchangeable calcium values below the organic surface horizons. The 
values in the H horizons vary from medium (3-8 m.e./100 g) to high. The 


I 
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H, horizon is invariably higher in exchangeable calcium than the H, 
horizon and has a higher loss on ignition. This relationship between 
organic matter and calcium is perhaps further illustrated by a build-up of 
exchangeable calcium in the A/B horizon of profile No. 27, and in the 
organic-stained A,g horizon of some profiles (e.g. Nos. 23 and 33). 
Profile No. 34 is unusual in having very low exchangeable calcium 
throughout. 

An increase in exchangeable calcium in the B,(g)/C(g) horizon is seen 
in profile No. 24 and this could be a tendency in peaty podzols developed 
on the finer textured, dominantly flagstone-derived tills. 

A striking feature of the distribution of exchangeable calcium within 
the noncalcareous gleys is the contrast between the A and S horizons. 
Values for exchangeable calcium in the A horizon (e.g. Nos. 37, 39, 41, 43 
and 45) are low compared to those for the S horizon (e.g. Nos. 38, 40, 42 
and 48); again this is a reflection of farming practices. Signs of reversion 
are apparent in profile No. 44, with the development of an L, F, H horizon 
and indications of leaching of the S(g) horizon. The finer textured non- 
calcareous gleys (Thurso, Tresdale and Cam-leathad series) generally 
have medium values throughout with a tendency for a minimum in the 
B,g horizon. Maximum values occur in the S horizon; in some cases 
there is a secondary maximum in the B;g horizon (e.g. Nos. 40 and 46-48) 
but usually there is an increase in values below the B,g horizon into the Cg 
horizon (e.g. Nos. 42-45, 50, 52 and 53). The bottom sample of profile 
No. 45 is of shelly boulder clay and has very high exchangeable calcium. 
In profiles Nos. 39 and 49 maximum values occur in the B;(g) and B>g 
horizons respectively, and in profile No. 51 the highest values occur in 
the B,g and B,;g horizons. Except where cultivated, the noncalcareous 
gleys developed on coarser textured parent materials (e.g. Nos. 38 and 41) 
show low values, decreasing down the profile. 

The low exchangeable calcium figure in the lower S horizon of the 
Sibster series profile (No. 52) is probably due to the admixture of S and 
B,g horizon materials caused by deep ploughing. 

The uncultivated peaty gleys have low values throughout the mineral 
soil with usually a minimum in the B,g horizon (or A,g horizon as in 
profile No. 63) and an increase in the B,g/Cg and Cg horizons (e.g. 
Nos. 54, 55, 62, 63 and 67). The organic horizons show medium values, 
but the values for the Olrig series are very variable (e.g. Nos. 60-63, 66 
and 67). In cultivated soils of the Olrig and Canisbay series the maximum 
value usually occurs in the S horizon, with sometimes a secondary maximum 
in the B,g. The S horizon of the Canisbay series profiles (Nos. 58 and 59) 
shows very high exchangeable calcium values, which again must be treated 
with reserve as there has been much admixture of shelly sand with the S 
horizon both by wind-blow and by direct application as a liming agent. 


Exchangeable Magnesium 


The brown calcareous soils show medium values (0-3-5-0 m.e./100 g) 
throughout with a minimum in the B horizon. In the brown forest soils 
values are low (<0-3 m.e./100 g), except in the A horizon of profile No. 4. 
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No specific trends are apparent, but in profile No. 5 there is a decrease. 
down the profile followed by a marked increase in the C, horizon. 

Values in the podzols are generally in the medium range, but in the soils 
developed on coarser textured parent materials (e.g. Nos. 8 and 9) the values 
for the B and C horizons are usually low. In these the trend seems to be a 
straight decrease in exchangeable magnesium down the profile, although 
in profile No. 9 the values are too low to indicate any trend and there is 
actually an increase in the C horizon. The general trend is for a minimum 
value in the B; or B,(g) horizon followed by an increase in the B,;/C and 
C horizons (e.g. Nos. 6, 12-15 and 18). In profile No. 17 the increase 
occurs in the D(g) horizon. As might be expected, the values for the S 
horizon cover a wide range, from 0:35 m.e./100 g in profile No. 7 to 
6-55 m.e./100 g in profile No. 10. For soils of the Bilbster intermediate and 
deep phases however, the general value is around 1-20 to 1-50 m.e./100 g. 

Very high levels of exchangeable magnesium are seen in the organic 
horizons of the peaty podzols, but there is often a marked decrease in the 
H, horizon. Commonly the H, horizon has a variable amount of mineral 
matter incorporated in it, and this probably accounts not only for the drop 
in exchangeable magnesium but also for the constant trend of a decrease 
in all exchangeable cations in the H, horizon of all the organo-mineral 
soils. The values for the A,g horizon vary from low to medium. There 
seems to be a relationship between the organic matter content of the A,g 
horizon and the value of exchangeable magnesium: the higher the amount 
of organic matter, whether translocated or due to root accumulation, the 
higher the exchangeable magnesium. A similar relationship exists regarding 
exchangeable calcium and such a relationship seems to be standard for all 
the cations. Below the H and Ag horizons values are usually low, com- 
monly so low as to make the ascribing of trends very difficult, but ina 
number of profiles (e.g. Nos. 22, 31, 33 and 34) there is evidence of an 
increase in the C horizon; otherwise there is a straight decrease with depth. 
An imperfectly drained profile, No. 24, shows a minimum in the B,g 
horizon and a maximum in the B,g/Cg horizon. Profile No. 25 shows a 
maximum exchangeable magnesium value in the B,/C, which is a 
manganese-cemented horizon. 

The calcareous gleys mostly have medium values throughout the profile 
with a minimum in the B(g) horizon. In the noncalcareous gleys the distri- 
bution of exchangeable magnesium strongly parallels that of the ex- 
changeable calcium. Medium values are general, with a minimum in the 
B,(g) or Bg horizon (e.g. Nos. 37, 43, 44, 46, 47, 50, 52 and 53). Profile 
No. 49 has a minimum value in the B;g horizon. There is generally an in- 
crease below the B,g horizon into the Cg horizon, but in profile No. 45 
there is a steady increase with depth and profile No. 48 has a maximum 
value in the B,g/Cg horizon. 

Low values of exchangeable magnesium are shown in the coarser tex- 
tured B,g horizon of the Sibster series (Nos. 52 and 53), and in the coarse- 
textured profile No. 41 there is a straight decrease with depth. The difference 
between the A and S horizons, so strikingly illustrated by the exchangeable 
calcium figures, is not brought out well by the exchangeable magnesium 
figures. 
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The peaty gleys show medium to high (>5 m.e./100 g) levels in the 
organic surface horizons with, usually, medium values in the mineral soil. 
A minimum value generally occurs in the B,g horizon, but sometimes in 
the A,g. 

High values of exchangeable magnesium are shown throughout the 
blanket peat soils (Nos. 68-74). The values are high in the -bottom 
samples of profile No. 75 and in the top sample of profile No. 76, both 
of which are basin peat. 


Exchangeable Sodium 


The brown calcareous soils show medium (0:05-0:25 m.e./100 g) to 
high (>0-25 m.e./100 g) levels throughout, with a possible tendency for 
increase with depth. In the brown forest soils values are generally medium 
and tend to decrease with depth. 

The podzols have medium to high levels in the S horizon, ranging from 
0-17 m.e./100 g to 0-34 m.e./100 g. The moderately fine-textured A hori- 
zon of profile No. 17 has a maximum value of 0:46 m.e./100 g. Values in 
the B and C horizons are generally within the medium range but no con- 
sistent trend is apparent. Profiles Nos. 6, 9, 12, 14 and 15 have a minimum 
value in the B, horizon. In profiles Nos. 8, 13 and 16 there is a decrease 
with depth, which is most marked in the coarser textured profile No. 8. 
Profile No. 18 shows a more or less uniform distribution of exchangeable 
sodium below the S horizon. 

High levels of exchangeable sodium are found in the H horizons of the 
peaty podzols. Medium values are general in the mineral horizons, but 
low (<0-05 m.e./100 g) values are encountered at depth in the soils de- 
veloped on coarse-textured parent materials. The general trend for the 
peaty podzols developed on coarse-textured parent materials (e.g. Nos. 
20-23, 26—29 and 34) is a straight decrease in value with depth. The peaty 
podzols developed on finer textured drifts (e.g. Nos. 31 and 33) tend to 
have minimum values in the B, horizon while the imperfectly drained 
peaty podzol of the Canisbay Association (No. 24) shows a minimum 
value in the B,(g) horizon. A noticeable increase occurs in the A/B hori- 
zon of profiles Nos. 25 and 27 and there is also an increase in the 
manganese-cemented B,;/C horizon of profile No. 25. 

The calcareous gleys show no consistent trends, with an apparently 
random distribution of exchangeable sodium within the profiles; values 
range from medium to high. 

The noncalcareous gleys have medium to high values in the surface 
horizon with no significant differences between the A and the S. Medium 
values are general throughout the B and C horizons, with a tendency for 
a minimum value in the B,g or B;g (e.g. Nos. 37, 41-44, 46-48 and 
51-53). In profiles Nos. 43 and 44 distribution below the B,g horizon is 
even, but usually values increase, often to high levels, in the Cg horizon 
(e.g. Nos. 42, 46, 51 and 53). In profiles Nos. 40 and 50 distribution is 
uniform throughout and it is significant that both are from sites possibly 
affected by salt spray. Profiles Nos. 39 and 49 show an expected decrease 
with depth. : 
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The organic horizons of the peaty gleys show high levels of exchangeable 
sodium and the mineral horizons medium levels. There is a tendency, 
similar to that found in the noncalcareous gleys, for a minimum value to 
occur in the B,g horizon, but the occasional coarser textured A,g horizon 
shows the minimum value. There may be a slight tendency for a down- 
ward increase to the Cg horizon, but commonly distribution below the 
B,g is more or less even. Profiles Nos. 58 and 59 show high levels in the S 
horizon, this undoubtedly being due to salt spray or the use of shelly sand 
or seaweed as a fertilizer. 

The organic soils all show high values of exchangeable sodium, with 
the higher than average values in profile No. 68 probably due to salt 
spray. 


Exchangeable Potassium 


In the brown calcareous soils values for exchangeable potassium range 
from low (<0-1 m.e./100 g) to medium (0: 1-1-0 m.e./100 g) but show 
no consistent trend. Values in the brown forest soils tend to decrease 
down the profile and are low below the surface horizon. 

Values in the S horizon of the podzols are mainly medium, levels be- 
low the S horizon are usually low and show no consistent trend. The H 
horizons of the peaty podzols show medium to high (>1 m.e./100 g) 
values. In the mineral soil the values are generally low, except for medium 
values in some A,g and A/B horizons where there has been an accumul- 
ation of organic matter. With such low values it is difficult to recognize 
any consistent trend. In the coarser textured parent material there would 
seem to be a straight decrease down the profile, but in the finer textured 
drifts minima are found in the A,g, B, or B; horizon. 

The noncalcareous gleys show mainly medium values in the A and S 
horizons. There is generally a minimum low in the B,g horizon with a rise 
to medium values in the Cg (e.g. Nos. 37, 39, 40, 46, 50, 52 and 53). The 
peaty gleys have medium to high values in the H horizons. The mineral 
horizons show values ranging from medium to low with a minimum in 
the A,g or B,g horizon and an increase through the B;g/Cg into the Cg 
horizon. In this respect the peaty gleys are closely allied to the noncal- 
careous gleys. 

High or medium values appear in the surface samples of the organic 
soils, but in all cases (Nos. 68-74) there would seem to be a decrease 
down the profile to low values. 

In the alluvium and peat-alluvium samples (Nos. 78-82) exchangeable 
potassium shows a general decrease with depth. 


Exchangeable Hydrogen 


Exchangeable hydrogen values in all the major soil subgroups tend to 
decrease with depth. There are however profiles with free carbonate and, 
consequently, no exchangeable hydrogen, as for instance the brown cal- 
careous soils Nos. 1—3 and the calcareous gley No. 35; in the calcareous 
gley No. 36 where there has apparently been some leaching of the A hori- 
zon, a value for exchangeable hydrogen has been obtained. Exchangeable 
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hydrogen is virtually absent in the B and C horizons of some noncalcareous 
gleys. Below the S horizon in profiles Nos. 40 and 42 and the B,g horizon 
in profiles Nos. 43 and 45 the value for exchangeable hydrogen is less 
than 0-1 m.e./100 g. Profile No. 59, a cultivated peaty gley of the Canis- 
bay series, shows no exchangeable hydrogen values throughout because 
of abundant shell fragments in the surface horizon. The soils of the 
Canisbay series are very low in exchangeable hydrogen so that even a 
little free carbonate would cause saturation. The mar] band of profile No. 
82 has no exchangeable hydrogen and is fully saturated. The highest values 
for exchangeable hydrogen occur in the organic surface horizons of all 
the major soil subgroups and throughout all horizons of the organic soils 
(Nos. 68-76), with the exception of some horizons of the basin peats. 
High values are seen in the samples of peat-alluvium (No. 81 and No. 82 
above the marl band). A high value is also seen in the A horizon of the 
brown forest soil (No. 4). The brown forest soils show the normal de- 
crease with depth, except for profile No. 5 where there is a marked increase 
in the C, horizon. 

In the podzols there is a general decrease in exchangeable hydrogen 
values down the profile although in some (Nos. 6, 12, 17 and 18) a decrease 
is followed by an increase at the bottom of the profile. The humus-iron 
podzol (No. 8) has a low value in the A, horizon but a marked increase 
occurs in the A/B horizon. Below the A/B horizon the values decrease 
normally. The values in the S horizon of the podzols are very variable 
and are dependent on such factors as texture, amount of organic matter, 
natural fertility and farming practices. Values in the subalpine podzol 
(No. 19) are similar to those in the humus-iron podzol, with a noticeable 
increase in the A/B horizon. 

Values for exchangeable hydrogen decrease down the profile in the 
peaty podzols and in the peaty gleys. In some cases (e.g. Nos. 24, 25, 
29-31, 33, 56, 57 and 62) increases were noted in various horizons at, or 
near, the base of the profile; profiles Nos. 54 and 63 show an increase in 
the B,g horizon. The increase in profile No. 25 is again associated with 
the manganese-stained and cemented horizon. Profiles Nos. 25 and 27 
show an increase in exchangeable hydrogen associated with an organic- 
enriched A/B horizon. The values for the A,g horizon vary somewhat, 
and again are largely dependent on textures and organic matter content. 
In the cultivated Olrig series (No. 65) a low value in the S horizon is fol- 
lowed by an increase in the A,g horizon and then by a decrease down the 
profile. 

The noncalcareous gleys follow the general trend with a decrease in 
exchangeable hydrogen down the soil profile, but in some (e.g. Nos. 37, 
38, 48, 49, 52 and 53) there is a decrease to a minimum value in the B,g 
or Bg horizon with an increase in the C(g) or Cg horizon. 

The effects of cultivation are well illustrated by the exchangeable 
hydrogen figures for the A and S horizons, values being much higher for 
the A. Values for the S(g) horizon are generally higher than for the S 
horizon, probably because S(g) horizons usually develop on soils which 
are not under regular management and are tending to revert to their former 
peaty nature with a build-up of organic matter at the surface (e.g. No. 44). 
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Percentage Base Saturation and pH 


The pH is measured electrometrically in 1:2-5 soil suspensions in water 
and in M/100 CaCl,. The values obtained by the latter method are lower 
and are related to the organic matter content of the specific soil sample, 
hydrogen ions being more readily displaced from exchange sites in the 
organic matter fraction by the CaCl, electrolyte. These values are believed 
to be closer to the effective pH of the solution in immediate contact with 
the soil particles, and are also more reproducible and less affected by 
seasonal variations in the concentration of the soil solutions. 

The brown calcareous soils and the calcareous gleys are fully saturated 
and have high pH values (>6-5 in water). 

The brown forest soils have a low base saturation but values tend to 
increase down the profile. The pH values are more or less constant through- 
out, with a tendency towards a slight increase with depth, and are mar- 
ginal between low (>5-0 in water) and medium (5-0-6: 5 in water). 

The podzols show a tendency for a minimum base saturation in the B, 
or B;(g) horizon (e.g. Nos. 9, 12, 14, 15, 17 and 18). Profile No. 16 has a 
minimum value in the A,(g) horizon and a maximum in the B, horizon, 
whilst profile No. 6 shows a maximum in the B;/C horizon. In profile 
No.13 there is a decrease down the profile from a high base saturation in 
the S horizon. Profile No. 8 shows a low percentage saturation through- 
out with a uniform low value below the A,. The pH values in the podzols 
are medium and follow no consistent trend. In profiles Nos. 9 and 12 
there is a decrease with depth, in profiles Nos. 7 and 8 there is an increase 
and in profiles Nos. 14, 15 and 16 there is a maximum pH value in the B, 
horizon. 

The peaty podzols generally have low percentage base saturation values 
below the H or H, horizon. Notable exceptions are the moderate values 
in profile No. 27 and in the B;(g)/C(g) horizon of profile No. 24. No 
strong, consistent trend is obvious. Profiles Nos. 20-22, 24, 26 and 32 
show minimum values in the A,g horizon and, with Nos. 20 and 22 ex- 
cepted, an increase with depth: profile No. 20 shows a maximum in the 
B,; horizon and profile No. 22 a maximum in the B, horizon. Profiles 
Nos. 25, 31, 33 and 34 have minimum percentage saturation values in the 
B, horizon. In profile No. 28 values are uniform below the H horizon. 

The pH values are low in the H and A,g horizons but increase with 
depth. Medium values are found below the A,g in a number of profiles 
(e.g. Nos. 24, 26-28, 31, 33 and 34). There is normally a straight increase 
with depth but profiles Nos. 33 and 34 show a maximum in the B, hori- 
zon. 

The percentage base saturation values in the uncultivated peaty gleys 
vary from low to moderate, with a minimum value in the A,g and in- 
crease with depth. The pH values are generally low but again increase with 
depth, sometimes reaching medium values in the B,;g and Cg horizons. The 
Canisbay series has moderate to high levels of base saturation and mainly 
medium pH values (e.g. Nos. 57 and 58) but profile No. 59 is fully satur- 
ated, with a pH of over 7. The cultivated Olrig series shows moderate 
base saturation, with no particular trend, and medium pH values. 
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The noncalcareous gleys exhibit a general tendency for an increase in 
both percentage base saturation and pH with depth. Percentage base 
saturation levels range from moderate to high; profiles Nos. 40 and 42 are 
fully saturated below the S horizon and profiles Nos. 43 and 45 below the 
B,g horizon. The pH values are usually low in the A horizon but can rise 
to medium levels; in the S horizon medium or, in exceptional cases, high 
PH vatues occur. There may be a drop in pH values below the S horizon 
with a minimum in the A,g or the B,g horizon but sometimes values rise 
to high levels in the B,; g/Cg or Cg horizon (e.g. in Nos. 42, 43, 45, 49 and 
50). Again the effects of cultivation and farming practices are illustrated 
in the contrast between A and S horizons. Profile No. 41 shows a decrease 
in percentage base saturation with depth but.an increase in pH. 

The blanket peat shows low to moderate percentage base saturation 
and low pH values (Nos. 68-74). The percentage base saturation of the 
basin peat is higher and the pH values usually within the medium range 
(Nos. 75 and 76). The marl band and C, horizon of profile No. 82 are 
saturated and show a very high pH. 


Total Phosphorus 


Total phosphorus values in the brown calcareous soils are generally low’ 
(<100 mg P,O,/100 g) except for the S horizon where they reach medium 
levels (100-300 mg P,O,/100 g). Profile No. 2 shows an expected increase 
in total phosphorus in the midden. 

No consistent trends are apparent in the brown forest soils, other than 
a tendency for a minimum value to occur in the B, horizon. The values 
are usually in the medium range. 

The podzols show two main trends in the distribution of total phos- 
phorus, namely a minimum value in the B,; or B,;(g) horizon (Nos. 6, 12, 
13 and 16-18) and a straight decrease with depth (Nos. 9, 14 and 15). 
Profile No. 8 shows a minimum low in the A, horizon with an increase to 
a high (>300 mg P,O;/100 g) value in the C horizon. The values gener- 
ally vary from low to medium in the B and C horizons and from medium 
to high in the S horizon. 

The subalpine podzol (No. 19) shows low values throughout, with a 
minimum in the A,, horizon. The peaty podzols show the general trend 
of a minimum value in the A, or A,g horizon followed by a maximum 
further down the profile. A minimum value in the A,g is followed by a 
maximum in the B, horizon in profiles Nos. 20, 21 (maximum in the B,/B, 
horizon) and 23 and by a maximum in the B, horizon in profiles Nos. 27, 
31 and 32. Profiles Nos. 22 and 24 have minimum values in the A,g hori- 
zon and maximum in the H, horizon; profile No. 25 has a minimum 
value in the A,g horizon and a maximum in the H horizon. A minimum 
value is seen in the B, horizon of profiles Nos. 28 and 33. Values for 
total phosphorus vary from low to medium in the organic horizons and 
are generally low in the mineral soil. Profile No. 26 (Charr series of the 
Countesswells Association) has medium values in all horizons but the B, 
and the C where the high values compare very well with those for the 
same horizons in profile No. 8 (Countesswells series of the Countesswells 
Association). 
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The peaty gleys show a marked similarity to the peaty podzols in that 
a minimum value is followed by an increase in value further down the 
profile; the minimum values are usually in the A,g or B,g horizon 
and in the majority of cases there is a direct increase to the Cg horizon. 
Highest values occur in the H horizons (Nos. 54-56, 61-63, 66 and 67) 
and are generally medium but high values are found in the H, horizon in 
profiles Nos. 56 and 61. In the mineral horizons values are usually low 
although in profiles Nos. 58, 59 and 65 the S horizon has medium values; 
maximum values are similarly shown by the S horizon of profiles Nos. 57 
and 64, the levels being a probable reflection of fertilizer practices. 

The noncalcareous gleys have medium values in the surface horizon, 
except in profile No. 48 where the value is unusually high. The values in 
the sub-surface horizons are generally low with minimum values in either 
the B,g or B;g horizon followed by an increase in the Cg horizon, in 
some cases to medium values. Profile No. 41 shows a straight decrease 
down the profile. 

In the organic soils the values for total phosphorus are generally low, 
although the surface horizons can have medium values, and there is a 
general tendency for a decrease with depth. The values for the top samples 
of the basin peat tend to be a little higher than those of the blanket peat. 


MINERALOGICAL DATA 


Fine Sands 


The fine sand fractions from the uppermost mineral horizons and the C 
horizons of a number of typical profiles from the area have been analysed 
by means of the optical polarising microscope. 

The size fraction analysed was that between 100 and 200 mesh, i.e. 
approximately from 0-075 to 0-150 millimetres, and it was separated 
from the total fine sand by sieving. The fine sands were separated into 
light (S.G.<2°9) and heavy (S.G.>2-9) fractions using tetrabromoethane 
and the proportions of these by weight are recorded in Appendix IV, 
Table 12. Mineralogical analyses of the light and heavy fractions are also 
given in this table, the figures representing the percentage number of grains 
of each species to a total of approximately 250 and 500 for the light and 
heavy minerals, respectively. 

The light fraction almost always makes up about 99 per cent of the 
total fine sand with quartz and potassium feldspar the dominant minerals. 
The influence of parent material is reflected in the fact that the soils be- 
longing to the Fraserburgh Association contain carbonate minerals, in- 
cluding aragonite, whilst the soils of the Strichen and the Countesswells 
Associations contain abundant mica. The heavy fractions of these associ- 
ations contain a wide variety of minerals, the most abundant being apatite, 
epidote, garnet, hornblende and zircon. Significant differences in min- 
eralogy are also observed between other associations. Thus, the soil from 
the Strichen Association (No. 29) contains abundant anatase and andalu- 
site, and the soils of the Thurso and the Canisbay Associations differ from 
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those of the Braemore and the Berriedale Associations in that the heavy 
fractions contain more augite, epidote, garnet, hornblende and sphene. 


Clays 


Theclay fraction of soils is defined as that fraction with particles of effective 
diameter less than 2 y. In order to study clay minerals, however, the frac- 
tion commonly used is that with particles of effective diameter less than 
1:4 un. This fraction contains a group of crystalline minerals with specific 
properties, referred to in general as layer silicates. The clay fraction is rarely 
made up entirely of crystalline clay minerals; oxides and hydroxides of iron 
and aluminium, for example goethite (a@FeQOH), haematite (aFe,O;) 
and gibbsite (yAl(OH);), are frequently present as are X-ray amorphous 
forms of these compounds and aluminosilica gels. These accessory com- 
pounds can occur as discrete particles or as coatings on the surface of the 
crystalline clay minerals and exert an influence on the properties of the 
clay fraction disproportionate to the amounts present. 

Mineralogical analyses have been carried out on profiles typical of the 
most common series of the area. Established instrumental techniques, viz. 
X-ray diffraction and differential thermal analysis, were employed. The 
results are given in Appendix IV Table 13. As with all other Scottish soils 
studied, illite is present and is normally the dominant or co-dominant clay 
mineral. The soil clays of this area are unusual, however, in that kaolin 
occurs in only 15 per cent of the samples and only in one profile (No. 27) 
is it abundant. The soil clays of profiles Nos. 24, 42 and 54 are essentially 
mixtures of illite and chlorite. These clay minerals are also found in abun- 
dance in the rocks from which the parent materials of these soils are derived, 
namely the Barren Red Series and the Caithness Flagstone Series of the 
Middle Old Red Sandstone. Interstratified illite-montmorillonite is abun- 
dant and co-dominant in profiles Nos. 24, 29 and 49, and is present. in sub- 
ordinate or trace amounts in most of the other profiles. 

The clays from profiles Nos. 1 and 35, respectively freely and poorly 
drained soils of the Fraserburgh Association, are remarkably similar. Illite 
and chlorite are co-dominant and interstratified illite-montmorillonite sub- 
ordinate. The X-ray traces for all the samples of these profiles are weak sug- 
gesting that the clay minerals are degraded, and the differential thermal 
analysis curves for the clays from the upper horizons of both profiles exhibit 
large hygroscopic moisture peaks indicating significant contents of poorly 
ordered aluminosilicate. These results are unusu1l since normally there are 
differences in clay mineral complement and distribution between soils of 
widely different drainage classes within the same association. For example, 
illite and chlorite are co-dominant, with trace amounts of interstratified 
illite-emontmorillonite in all horizons of three podzol profiles of the Thurso 
Association, whereas illite, chlorite and interstratified illite-montmorillonite 
are co-dominant in three noncalcareous gleys of this association. Ver- 
miculite is abundant in the B,g horizon of one of these gleys (No. 49). 
Gibbsite (yAl(OH),) is present (<5 per cent) in the clays from the basal 
horizons only of a number of profiles, in particular, a brown forest soil 
of the Strichen Association and freely drained podzolic soils of the 
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Berriedale, Countesswells, Dunnet and Strichen Associations. It is assumed 
that when gibbsite is restricted to the basal horizon of a profile it has 
been inherited from the parent material and its absence in the upper 
horizons attributed to pedogenic processes. Significant amounts of gibbsite 
(2 to § per cent) are present in all of the horizons of profile No. 49, a non- 
calcareous gley, and profile No. 18, a freely drained podzol. These are 
unusual results in that both soils belong to the Thurso Association, the 
latter being more strongly leached. The gibbsite is most probably inherited 
from the parent material and is relatively unaffected by the markedly 
different conditions prevailing in the profiles. Goethite (a@FeQOH) was 
detected by X-ray diffraction and differential thermal analysis in all 
horizons of the podzol profiles of the Thurso and the Durnhill Associations 
examined. Haematite (aFe,O,) was, however, the most commonly occur- 
ring crystalline ferric oxide. Lepidocrosite (@FeOOH) was not observed. 
It is worth noting that profile No. 58, a poorly drained cultivated peaty 
gley of the Canisbay Association, contains essentially highly crystalline 
illitic minerals and there is no evidence from X-ray diffraction or differ- 
ential thermal analysis of goethite, haematite, gibbsite or poorly ordered 
aluminosilicate. 


EXTRACTION DATA 


Selective chemical dissolution techniques were used to characterize the 
free iron oxides (Bascomb, 1968; Mitchell et a/., 1971) and poorly ordered 
alluminosilicates (Mitchell et a/., 1971) present in the soils. The reaction 
of fluoride with soils (Bracewell et al., 1970) an example of a surface 
reaction which can be readily detected and monitored, was also used to 
assess the amount of poorly ordered aluminosilicates present. 


Dithionite Extractant 


The amounts of iron oxide removed from the complete soil (air dried, 
<2 mm) sample by treatment with the dithionite-bicarbonate extractant 
(Mitchell et a/., 1971) are shown in Appendix V Table 14. This is a most 
efficient method of removing both X-ray amorphous and crystalline forms 
of free iron oxides, one treatment being sufficient to bleach the sample 
completely. The highest value, 3-88 per cent, was obtained for the B, hori- 
zon of profile No. 8, a podzo! of the Countesswells Association. The maxi- 
mum value for a poorly drained noncalcareous surface-water gley was 
3-28 per cent recorded for the A(g) horizon of profile No. 39, Braemore 
Association. Values obtained for the A, horizons of podzols and the A,g 
horizons of peaty podzols and peaty gleys are very low or below the level of 
determination (<0-02 per cent). Free iron oxides are, in general, absent 
from the lower horizons of the freely drained brown calcareous soils and 
poorly drained calcareous gleys of the Fraserburgh Association (Nos. 1 and 
35). The clay fractions of these horizons contain exceptionally high 
amounts of calcium carbonate. 

Silicon and aluminium oxides were usually present in the dithionite 
extracts. The largest amount of silicon oxide, 0-56 per cent, extracted by 
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the dithionite treatment was recorded for the S horizon of profile No. 5, 
a brown forest soil. The maximum amount of aluminium oxide, 0-48 per 
cent, removed by this treatment was from the C horizon of profile No. 18, 
a podzol. In general, more silicon than aluminium oxide was removed by 
the dithionite treatment from all the horizons of the poorly drained soils, 
the extracts from the surface horizons being particularly siliceous. 
Dithionite extracts of upper horizon material of the freely drained soils were 
also relatively high in silicon oxide, but those of the lower horizons 
tended to be more aluminous. Only rough estimates of the free crystalline 
iron oxides present can be made from the instrumental techniques 
employed. These are invariably less than the amounts of iron oxide removed 
by dithionite treatment and the difference must therefore represent the 
X-ray amorphous forms present; most probably this iron oxide component 
is closely associated with the dithionite-soluble silicon and aluminium 
oxides in a poorly ordered inorganic complex. 


Pyrophosphate Extractant 


Organic matter is present in all of the soil samples examined and the 
colloidal organic matter in particular may form complexes with the 
crystalline and amorphous inorganic components. The potassium pyro- 
phosphate method (Bascomb, 1968), which is much milder than the 
dithionite-bicarbonate method described above, was used to determine 
the amount and distribution of organic complexes of iron and aluminium 
and of ‘active’ amorphous organic forms of iron in the soils of the area 
(Table 15). 

Irrespective of major soil subgroup, the amount of iron and aluminium 
oxides extracted from a complete (<2 mm) soil sample of A or S horizon 
is usually in proportion to the extractable carbon. The H horizons of 
peaty podzols may be exceptional and contain relatively little extractable 
iron and aluminium oxides and residual iron oxide. Podzols and peaty 
podzols with thin iron pan have more pyrophosphate-extractable iron 
oxide in the surface horizons than in the B and C horizons. The peaty 
podzol of the Strichen Association (No. 29) and the freely drained podzol 
of the Countesswells Association (No. 8) are exceptions and contain 
appreciable amounts of extractable iron oxide throughout. Brown forest 
soils exhibit the same general trend in the ratio of extractable iron oxide 
to residual iron oxide as the podzolic soils. However, the amounts of 
residual iron oxide in the individual horizons of the brown forest soils are 
always greater than the amounts of extractable iron oxide. That is, there 
are relatively more free iron oxides complexed with organic matter or in 
active amorphous forms in podzolic soils, especially surface horizons, 
than in the corresponding horizons of brown forest soils. Only one 
brown calcareous soil, profile No. 1, was examined. The results from it 
are remarkably uniform and in accordance with its weak horizon differ- 
entiation. 

In the peaty gleys of the Berriedale and the Thurso Associations 
(Nos. 54 and 62) pyrophosphate-extractable iron oxide is maximal in the 


Analytical Data 125 


H horizon and the A,g horizon has the highest value for extractable 
aluminium oxide. Residual iron oxide is very low in the H and A,g horizons, 
increasing with depth. In profile No. 54 the ratios of extractable iron oxide 
to residual iron oxide are 5:1 in the A, ,g and 1:9 in the B, horizon and in 
profile No. 62, 2:1 in the A,g and 1:5 in the B,g horizon. These results 
are in striking contrast to those of the noncalcareous gley of the Braemore 
Association (No. 39) in which extractable iron and aluminium oxides and 
residual iron oxide show.a maximum in the A(g) horizon, the residual iron 
oxide figures being the highest for any profile studied from this area. The 
ratio of extractable to residual iron oxide ranges from 1:1 for the A(g) 
horizon to 1:31 for the B;(g) horizon. Only one poorly drained calcareous 
gley (No. 35, Fraserburgh Association) was examined. The values for 
extractable iron and aluminium oxides are very low as is the value for 
residual iron oxide. However, certain trends are apparent; extractable 
and residual iron oxides are highest in the A horizon and extractable 
aluminium oxide shows a maximum in the B(g) horizon. Unlike other gley 
soils extractable iron oxide is very low (<0-01 per cent) in the B(g) 
horizon. 


Carbonate and Fluoride Extractants 


Differential dissolution by alkali reagents has been useful in estimating 
poorly ordered aluminosilicates in soils (Mitchell et a/., 1964). Ideally, 
these reagents selectively attack the poorly ordered surfaces leaving the 
ordered crystalline surfaces unaffected, but there probably exists in soil 
clays a continuous series of surfaces from highly ordered to completely 
disordered. Chemical reaction occurs to some extent at all surfaces and 
the aim is to choose a treatment sufficiently mild for there to be a difference 
in the rate of dissolution between the poorly ordered and the well-ordered 
material. Prior to treatment with dithionite-bicarbonate the soils were 
treated with a cold 5 per cent sodium carbonate solution (Mitchell et al., 
1971). 

The silicon and aluminium oxides removed by this method are termed 
carbonate-extractable and considered to be an active fraction unlike the 
silicon and aluminium oxides removed by dithionite which are considered 
to be relatively inactive and indeed stabilized by non-lattice iron oxide. 
Reaction with fluoride also indicated that an active fraction was extracted 
by cold carbonate solution (Bracewell et al., 1970). Selected profiles from 
the area were subjected to these two chemical procedures (Tables 16 and 
17). - 

The results of the fluoride reactivity technique are compared with the 
amounts of silicon and aluminium oxides removed by carbonate treatment 
and with iron oxide removed by buffered sodium dithionite solution. For 
freely drained soils significant multiple correlations are obtained between 
fluoride reactivity as measured by the amount of hydroxyl ions released 
on the one hand and silicon, aluminium and iron oxide contents on the 
other. For poorly drained soils the correlation between hydroxyl activity 
and carbonate-extractable aluminium oxide is high (0-9359). The correlation 
between hydroxyl and carbonate-extractable silicon oxide is lower (0-5471) 
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and with dithionite-extractable iron oxide very low (0:2835). The results 
point to the importance of aluminous surfaces in gley soils. 


TRACE ELEMENTS 


The trace element contents of samples from thirty-six representative 
profiles have been determined spectrochemically using the methods 
described by Mitchell (1964). The trace element level in a profile is in- 
dicated by the weighted mean total contents of elements in the mineral 
horizons of the profile to a depth of 90 centimetres, while the contents 
extractable by 0-5 M acetic acid (cobalt, nickel, lead), 0-05 M EDTA 
(copper, manganese and zinc), or neutral M ammonium acetate (molyb- 
denum), especially from the upper horizons (0 to 25 centimetres), provide 
an indication of the plant-available portion and can be used for assessing 
the likelihood of problems arising from deficiencies or excesses. 

In the following accounts of the values obtained for the various 
associations, figures in parentheses refer to the profiles listed in Appendix 
Hl. 


Thurso Association 


The parent materials of the soils are tills of varied texture derived from 
the Caithness Flagstone Series rocks of the Middle Old Red Sandstone 
formation. Twelve profiles of the association were examined representing 
the freely drained series Bilbster intermediate phase (Nos. 13 and 16), Bilbster 
shallow phase (No. 10), Bilbster deep phase (No. 18), Camster intermediate 
phase (No. 31), Camster deep phase (No. 34), and the poorly drained 
series Thurso (Nos. 42, 45 and 49), Olrig (Nos. 62 and 64) and Sibster 
(No. 52). Two of these profiles (Nos. 16 and 31), from the locality of 
South Yarrows, show the effect of local mineralization and enrichment 
in lead, manganese and copper. 

Total cobalt contents are rather variable, mean values. lying between 
less than 3 and 15 ppm, levels which are at the lower end of the range of 
1 to 40 ppm commonly found in soils. Extractable cobalt in the surface 
horizons ranges from 0-1 to 1-3 ppm and half of the figures are low 
enough to suggest that some soils of the Bilbster series deep phase (No. 18), 
Camster series (No. 31), Camster series deep phase (No. 34), Olrig series 
(Nos. 62 and 64) and probably the Thurso series (Nos. 45 and 49) could 
produce herbage deficient in cobalt for stock. In the subsoils of some of 
the poorly drained Thurso series (Nos. 42 and 45) and Olrig series (No. 62), 
increased mobilization of cobalt due to gleying is shown by extractable 
cobalt contents as high as 3 ppm (about 50 per cent of the total cobalt) 
compared with less than 0-5 ppm (less than 10 per cent of the total) in 
comparable subsoils of the freely drained Bilbster series (Nos. 13 and 16), 
Camster series (No. 31) and Camster series deep phase (No. 34). Levels 
of total nickel in individual horizons range from 3 to 100 ppm while the 
mean total contents range from 25 to 60 ppm, the latter being less variable 
than those for cobalt, copper, manganese or lead in the same soils. Extract- 
able nickel levels vary widely from 0-07 to 8-5 ppm, the higher values being 
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found in the subsoils of the poorly drained profiles but in no case were 
these high enough to cause toxicity problems in crops. The mean total 
copper contents of the soils, excluding the high mean of 60 ppm in the 
Bilbster series (No. 16), are generally low, ranging from 7 to 20 ppm, and 
within the profiles the contents of the surface horizons are generally lower 
than in the underlying mineral horizons. In ten of the twelve profiles they 
are less than 10 ppm and in four of these the extractable amounts are less 
than 1 ppm suggesting the possibility of copper deficiency on soils of the 
Bilbster series deep phase (No. 18), Camster series intermediate phase (No. 
31), Camster series deep phase (No. 34), Sibster series (No. 52) and Olrig 
series (No. 62). The effect of impeded drainage on the mobilization of copper 
in gleyed subsoil horizons is striking. The freely drained subsoils of the 
Bilbster and Camster series generally contain less than 1 ppm.extractable 
copper (about 4 per cent of total) while the poorly drained soils of the 
Thurso (Nos. 42 and 45) and Olrig (Nos. 62 and 64) series contain up to 
7 ppm (more than 10 per cent of total). Even excluding the South Yarrows 
profiles (Nos. 16 and 31) which have exceptionally high contents of up to 
1 per cent, the mean total manganese contents are very variable ranging 
from 100 to 1100 ppm with some horizons containing between 10 and 
2000 ppm. Extractable manganese contents of the surface horizons are 
also variable and range from 3-6 to 250 ppm, low figures of about 6 ppm 
being found in the surface horizons of profiles of the Bilbster deep phase, 
Camster intermediate and deep phases and the Olrig series. The total 
lead contents of up to 250 ppm in soils of the two South Yarrows profiles 
(Nos. 16 and 31) are unusually high and are probably a result of local 
mineralization. The mean contents of the other profiles are distributed 
over a range of 8 to 25 ppm. The extractable lead contents of subsoil 
horizons are generally less than 2 ppm but a horizon of both South 
Yarrows profiles (Nos. 16 and 31) contains 6 and 9 ppm respectively. 
Eight of the twelve profiles include horizons with total molybdenum con- 
tents of 3 ppm or above. Five profiles of the Thurso Association, sampled 
outwith the present survey at sites in the area around Halkirk, have also 
been examined. These soils have total molybdenum contents of up to 8 ppm 
and extractable contents in the upper horizons varying from 0-04 to 0-17 
(mean 0-1) ppm, the highest being in a poorly drained profile of the 
Olrig series. These high figures suggest that molybdenum-excess problems 
affecting animals may arise locally, particularly on poorly drained soils. 


Berriedale Association 


The parent material is a till of varied texture derived from sandstones, 
conglomerates and mudstones of the Barren Red Series of the Middle 
Old Red Sandstone. A higher proportion of mudstones gives rise to a finer 
textured till with higher contents of cobalt, copper and nickel than the 
coarser till derived predominantly from sandstones and conglomerates. 
Five profiles have been examined. The mean total coba/t contents of 
the profiles of the Ramscraigs (No. 6) and Knockally (No. 54) series are 
10 and 12 ppm respectively, those of the three profiles of the Langwell 
(No. 4), Berriedale (No. 20) and Dunbeath (No. 38) series being much 
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lower at 2 to 3 ppm. All the upper horizons, both cultivated and unculti- 
vated, have low total cobalt contents.of 3 ppm or less. Extractable cobalt 
contents are generally low throughout the profiles except in the peaty gley 
of the Knockally series where increased mobilization of cobalt due to im- 
peded drainage is apparent in the lower horizons. It appears likely, there- 
fore, that soils of this association, particularly the freely drained Langwell 
and Berriedale series, could produce herbage deficient in cobalt. The 
mean total nickel contents range from 25 to 50 ppm and extractable con- 
tents are generally less than 1 ppm except in the peaty gley profile 
(Knockally series) where impeded drainage has given rise to increased levels 
of up to 5 ppm. The mean total copper contents of the soils of the Rams- 
craigs and Knockally series are 15 and 20 ppm whereas the others range 
from 2 to 8 ppm. Total copper contents are generally lower in the upper 
horizons than in the corresponding subsoils. The surface soils have low 
extractable copper contents suggesting that copper deficiency problems 
are a possibility. Mobilization of copper due to impeded drainage 
conditions has however resulted in extractable contents of up to 4 ppm in 
the lower gleyed horizons of the Knockally series profile. The mean total 
manganese contents range from 100 to 220 ppm, with the exception of 
the Ramscraigs series profile in which manganese staining occurred, and 
which has a higher content of around 600 ppm. Extractable manganese 
in the surface horizons ranges from 2-5 to 53 ppm, low values of about 
3 ppm being found in the peaty surface horizons of the Berriedale and 
Knockally series. Mean total /ead levels range from 10 to 20 ppm and there 
is little evidence of surface accumulation in cultivated or uncultivated 
profiles. The extractable lead levels are generally less than 1 ppm through- 
out the profiles. 


Canisbay Association 


The soils of the Canisbay Association are developed on a till derived 
from John o’ Groats Sandstones and Caithness Flagstone Series strata 
and would therefore be expected to have trace element contents similar to 
those found in the Thurso Association soils. 

Three profiles have been examined. The mean total cobalt contents of 
profiles of the Canisbay (No. 58), Warth (No. 24) and Tresdale (No. 40) 
series are less than 3, 6 and 6 ppm respectively and as the extractable 
cobalt contents are generally low, cobalt deficiency is a possibility on the 
soils of this association. The mean total and extractable nickel contents 
range from 20 to 30 ppm and from 0-13 to 0-79 ppm respectively, and 
the contents of the individual horizons show little change with increase in 
depth. Although the mean total copper contents are low (10 ppm or less), 
the extractable contents of 1-6 and 1-7 ppm in the surface horizons of the 
two cultivated Tresdale and Canisbay series profiles are high enough to 
make the possibility of copper deficiency unlikely, particularly as in the 
gleyed subsoil horizons of these profiles the extractable copper contents 
rise to 6 and 4 ppm respectively. Most total manganese contents are in the 
range 100 to 800 ppm. One horizon of the Tresdale series profile, in 
which prominent black mottles were noted, has a high manganese content 
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of 1500 ppm of which 310 ppm is extractable. Total /ead contents range 
from 3 to 50 ppm, the highest figure being found in the organic surface 
horizon of the uncultivated peaty podzol of the Warth series. Extractable 
lead contents are generally less than 1 ppm. 


Fraserburgh Association 


Two uncultivated profiles from the Fraserburgh (No. 1) and Whitelinks 
(No. 35) series, developed on shelly wind-blown sand, have been examined. 
The mean total cobalt and copper contents are less than 3 ppm, and the 
extractable contents are very low. On this evidence deficiencies of these 
elements are likely on soils of both series as has been found elsewhere. 
Total and extractable manganese contents range from 30 to 200 ppm and 
from 4-5 to 23 ppm respectively and, as the soils have high pH values of 
7-5 to 8-5, they are likely to be deficient in plant-available manganese. 
Total nickel and lead levels are 10 ppm or less throughout each profile. 


Strichen Association 


The soils are developed on a till derived from Moinian schist and quartzite; 
two profiles have been examined. Although both profiles have in their 
upper horizons low total cobalt contents of 3 ppm or less, the extractable 
amounts are sufficiently high to suggest that cobalt deficiency problems 
in animals are unlikely. The total copper contents are 4 to 25 ppm in 
horizons of profile No. 5, a freely drained brown forest soil of the Fungarth 
series, but are much lower (3 ppm or less) in those of profile No. 41, a 
noncalcareous gley of the Anniegathel series. Extractable copper levels in 
the topsoils of both profiles, however, appear to be just adequate. Total 
manganese contents range from 250 to 800 ppm with relatively high extract- 
able contents of 110 and 68 ppm in the topsoils. Both the total and extract- 
able /ead contents are quite high throughout the profiles, lying within the 
ranges 40 to 100 ppm and 1-7 to 11 ppm respectively. 


Braemore Association 


The soils are developed on till of fine, moderately fine and medium texture 
derived from mudstones of the Barren Red Series of the Middle Old Red 
Sandstone. Three profiles of the Marlain (No. 23), Cam-leathad (No. 39) 
and Braemore (No. 56) series have been examined. The mean total cobalt 
contents of the profiles (10 to 15 ppm) are generally higher than those of 
soils from other associations in the area. The Marlain and Braemore series 
profiles have strongly developed peaty tops in which, as expected, both the 
total cobalt (less than 3 ppm) and the extractable contents are low. The 
total nickel contents (means 80 to 110 ppm) of the soils of this association 
are higher than in those of other associations in the area, a feature probably 
related to the argillaceous nature of the parent material. The total copper 
contents range from means of 8 to 30 ppm, the highest contents being in 
the basal material. Extractable copper contents are generally low in the 
two uncultivated profiles of the Marlain and Braemore series but in the 
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lower horizons of the noncalcareous gley of the Cam-leathad series much 
higher extractable copper contents of up to 10 ppm are found. The mean 
total contents of manganese are around 300 ppm and those of /ead from 
6 to 10 ppm. The profiles show some lead accumulation in the surface 
horizons, the highest content being 100 ppm in the surface-water gley 
profile of the Braemore series. 


Countesswells Association 


The soils are developed on till derived from granite and two profiles of 
the Countesswells (No. 8) and Charr (No. 26) series have been examined. 
The total cobalt (3 ppm or less) and copper (less than 3 to 8 ppm) con- 
tents of individual horizons, and also the extractable contents of both 
elements, are low and deficiencies of these elements may arise on soils of 
both series. Total manganese contents range from 20 to 400 ppm and the 
extractable contents from 0:6 to 8-4 ppm. Some surface accumulation of 
lead is apparent in the highly organic upper horizon of the peaty podzol 
of the Charr series but is less marked in that of the humus-iron podzol of 
the Countesswells series. 


Durnhill Association 


The soils are developed on drift derived from Moinian quartzite and 
one profile of the Scraulac series (No. 19), a subalpine podzol, was 
examined. The total and extractable cobalt contents are both low but enrich- 
ment or accumulation of copper and lead occurs in the peaty surface 
horizon, in which relatively high extractable contents of copper (3:5 ppm), 
manganese (30 ppm) and zinc (36 ppm) were found. 


Shielton Association 


Soil samples from two profiles, belonging to the Halsary series (No. 9) 
and Shielton series (No. 28), were examined. The varied nature of the 
parent material, which is sand and gravel derived from the Caithness 
Flagstone Series strata with, in one case, some granite, is reflected by the 
marked differences in the contents of cobalt, copper and molybdenum. 
Horizons of the Halsary series profile have total cobalt, copper and molyb- 
denum contents of 3 to 10, 15 to 30 and 4 to 6 ppm, while those of the 
Shielton series profile have contents of less than 3, less than 3 and less 
than lppm respectively and resemble soils of the Corby Association. The 
lower levels in the Shielton series profile are probably due to the very 
coarse texture (99 per cent U.S.D.A. sand in the C horizon) as well as to 
the presence of some granitic material. Extractable cobalt and copper 
levels indicate that deficiency problems could arise in soils of the Shielton 
series. Both total and extractable manganese, nickel and lead are also 
considerably greater in the soils of the Halsary series profile than in those 
of the Shielton series profile. The total molybdenum levels of 6 ppm in 
horizons of the Halsary series profile may be high enough to cause toxicity 
problems, particularly where soil drainage is impeded or the soils are 
limed. 
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Corby Association 


One profile of the Tarbothill series (No. 25) was examined. The total 
contents of cobalt (less than 3 ppm), nickel (less than 10 ppm), copper 
(less than 3 ppm) and manganese (20 to 80 ppm) are low, as might be 
anticipated in soils developed on sands and gravels derived from acid 
igneous rocks. The extractable contents of cobalt, copper and manganese 
are also low and, as occurs in soils of this association elsewhere, deficiencies 
of these elements would appear possible. 


Blanket Peat 


Three profiles (Nos. 69, 70 and 71) were examined. The total contents 
are low and are generally less than 2 ppm cobalt, 3 ppm nickel, 10 ppm 
copper and 40 ppm manganese. The extractable cobalt levels throughout 
each profile are very low (0-1 ppm or less). The extractable copper levels 
(0:64 to 2-3 ppm) are similar to those found in mineral soils but those of 
manganese are generally low (2 to 18 ppm), levels of both elements de- 
creasing with increase in depth. Lead shows surface accumulation, the 
total content being up to 200:ppm in the surface horizon of profile No. 69, 
while below 25 centimetres the contents of all three profiles decrease with 
depth to 20 ppm or less. In the surface layers of the profiles extractable 
zinc contents are high (20 to 40 ppm) but they decrease sharply in the 
lower horizons. 

Trace element levels in three peat profiles from the Altnabreac area 
near the western edge of the sheet have been reported by Mitchell (1954). 
Levels of total cobalt, nickel, copper and manganese, are similar to those 
reported above. A total molybdenum content of about 14 ppm was found 
in the 105 to 135 centimetres horizon of one of the peat profiles and has 
probably been introduced by percolation of waters from adjoining areas. 
This amount is at least ten times that found in other horizons of the three 
profiles. 


Soils of the Thurso Association, which cover most of the area used for 
agriculture, are characterized by wider variations in their contents of ele- 
ments such as cobalt, copper, molybdenum and manganese than are the 
soils of many other associations, due probably to the varied lithology of 
the Caithness Flagstone Series rocks from which their parent material is 
derived. This also applies to soils of the Shielton Association. Problems 
of cobalt and/or copper deficiency and also molybdenum excess appear 
likely to arise on some soils derived from this parent material and, because 
of the variability in their trace element contents, in the absence of local 
knowledge, soil testing may be desirable if trace element problems are 
suspected. 

The mobilization of cobalt, nickel and copper due to impeded drainage 
conditions is marked in soils of the Thurso and Braemore Associations. 
The effect is less evident in soils of associations developed on other parent 
materials, such as the Berriedale and Strichen. Surface accumulation of 
lead is evident in uncultivated soil profiles of the Durnhill, Countesswells 
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and Braemore Associations and also on blanket peat, but the effect is less 
marked in profiles of the other associations, possibly because of lower 
rainfall. In none of the soils examined are problems arising from excess 
uptake of nickel or lead by vegetation likely to arise. 


SUMMARY OF ANALYTICAL METHODS 


1. The soil separates (sand, silt and clay) were determined by a modific- 
ation of the hydrometer method (Bouyoucos, 1927a, 1927b). 


2. The exchangeable cations were determined in a neutral normal 
ammonium acetate leachate, calcium, sodium and potassium being 
determined by flame photometry (Ure, 1954) and magnesium by 
direct photometry (Scott and Ure, 1958). 


3. Exchangeable hydrogen was determined by electrometric titration of 
a neutral normal barium acetate leachate (Parker, 1929). pH was 
determined in an aqueous suspension and.in M/100 calcium chloride 
by means of a glass electrode. 


4. Total carbon was determined either by a wet combustion method 
using standard potassium dichromate solution (Walkley and Black, 
1934), or by using a CHN analyser. 


5. Total nitrogen was determined either by a semi-micro-Kjeldahl method 
(Markham, 1942) or by using a CHN analyser. 


6. Total phosphorus was determined by a colorimetric method using 
hydrazine sulphate, after fusing the soil with sodium carbonate 
(Muir, 1952). 


7. Readily extractable ‘amorphous’ and weakly crystalline siliceous and 
sesquioxidic materials were investigated by (a) extraction of the clay 
fraction with 1M cold sodium carbonate solution (Mitchell, e¢ a/., 
1971) and (b) extraction of the whole soil with potassium pyro- 
phosphate solution (Bascomb, 1968). 


8. Hydroxyl activity was measured by the fluoride exchange test (Brace- 
well, et a/l., 1970). : 


9. The trace element determinations were made spectrochemically 
according to the methods described by Mitchell (1964). 


10. The mineralogy of the clay fractions was determined by differential 
thermal analysis and X-ray diffraction. Differential thermal curves 
were determined according to methods described by Mitchell and 
Mackenzie (1959). Diffraction patterns of the soil clays were obtained 
on film with a Raymax 60 X-ray generator. 


7| Land Use Capability 


The Land Use Capability Classification is a system designed to define 
various degrees of capability of soils for agricultural purposes. On a 
land use capability map, the degrees of capability of different soils and 
the relative distribution of soils of like capability are shown. The object 
of the classification is to present the results of soil surveys in a form more 
useful to agricultural advisers, farmers, town and country planners and 
other land users. It is an interpretative system and consequently to some 
degree subject to arbitrary decision. 

The general basis of land use capability classification applicable to 
conditions in Britain is described by Bibby and Mackney (1969). 

The land use capability map is based on the soil map, the soil. informa- 
tion being supplemented by consideration of other factors such as 
climate, gradient and liability to erosion. 

As stated above the system is largely interpretative, but it is governed 
by a number of basic assumptions and explanations which are set out 
below. 


(i) The classification is primarily for agricultural purposes. 

(ii) Land is assessed on its capability under a moderately high level of 
management and not necessarily on its present use. 

(iii) Within capability classes soils may differ in management problems, 
and are only grouped together because they have similar degrees of 
limitations affecting adaptability. The classification is not necessarily 
a grouping of soils according to the most pee use to be made 
of the land. 

(iv) Land which suffers from limitations which can be removed or re- 
duced at acceptable cost is graded on the severity of the remaining 
limitations. 

(v) The capability assessment may be changed by major reclamation 
schemes which permanently alter the limitations on use. 

(vi) Within specific subclasses are soils which suffer from the same 
degree and kind. of limitations but which may differ in management 
requirements. 

(vii) The system is based on plivsical rather than chemical limitations, 
but severely limiting chemical properties are recognized as a soil 
limitation. 

(viii) The capability class is entirely independent of the nature of fare 
structure, access and distance to marketing centres. 

(ix) The system is not a soil suitability classification for specific crops 
or land use. 


134 The soils of the country round Wick 


Land is graded into seven classes according to the severity of its limit- 
ations for arable agriculture. Land suited to cultivation is included in 
classes 1—4, and land not generally suitable for cultivation but more suited 
to permanent pasture, rough grazing, forestry and recreation is included 
in classes 5—7. 


LAND USE CAPABILITY CLASSES 


Class 1 Land with very minor or no physical limitations to use. 

Class 2 Land with minor limitations that reduce the choice of crops 
and/or interfere with cultivation. 

Class 3 Land with moderate limitations that restrict the choice of crops 
and/or demand careful management. 

Class 4 Land with moderately severe limitations that restrict the choice 
of crops and/or demand very careful management. 

Class 5 Land with severe limitations that restrict its use to pasture, 
forestry and recreation, but on which mechanized improvement 
is possible. 

Class 6 Land with very severe limitations that restrict its use to rough 
grazing, forestry and recreation. Mechanized improvement is 
impracticable. 

Class 7 Land with extremely severe limitations that cannot be rectified. 

Capability subclasses are divisions within the capability classes based 
on the kinds of limitations affecting land use. 


LAND USE CAPABILITY SUBCLASSES 


w Wetness 

s Soil limitations 

g Gradient and soil pattern limitations 

c Climatic limitations 

e Liability to erosion 

Soil, site and climate are involved in complex interactions which affect 

land use, and the separation of dominant limiting factors is seen merely 
as a necessary, if arbitrary, simplification. 


Wetness (w) 


Hydrologic conditions result from interactions between soil properties, 
relief and climate, and have a profound influence on land management. 
When wet, coarsely structured, fine-textured, slowly permeable soils can 
delay cultivation, and badly timed operations can cause compaction and 
puddling, possibly with serious long term consequences such as the break- 
down of soil structure with a subsequent reduction in pore space and a 
curtailing of vital gaseous interchanges. A compacted or puddled surface 
hinders the downward movement of rainwater and encourages surface 
run-off, thus increasing the danger of erosion. Cold wet land delays nitri- 
fication in spring causing a temporary nitrogen deficiency. Germination 
is delayed in wet soils, and waterlogging restricts the depth of rooting 
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and causes poor root development. Wet land demands capital and main- 
tenance expenditure on drainage schemes. 


Soil Limitations (s) 


Soil limitations can be shallowness, stoniness, soil texture and structure 
or inherent low fertility. Shallow soils can have a detrimental effect on 
crops due to low available-water capacity, restricted rooting range and 
subsequent inadequate nutrient uptake. Stones affect plant growth and 
farm operations to a greater or lesser extent, depending upon their size 
and number. Small stones hinder cultivation and the mechanized har- 
vesting of root crops, while boulders that are too large or too numerous 
to move make cultivation impractical. The limitations imposed by soil 
texture and structure are mainly concerned with water-balance relation- 
ships within the soil and the availability of water to the growing plant. 
Fine-textured soils are usually coarse structured and slowly permeable, 
and retain large quantities of moisture. Available water capacity is broadly 
correlated with texture; the amount of water at suitable tensions for plant 
use is low in sands, medium in clays and large in fine sandy loams and silt 
loams. Massive or very coarse-textured sub-surface horizons can prove 
impenetrable to roots and effectively limit rooting depths. 


Gradient and Soil Pattern Limitations (g) 


Gradient has a marked effect on mechanized farming, particularly as it 
affects the stability and handling of equipment. Where slopes or -soil 
types of widely differing capability occur in an intricate small scale pattern, 
exploitation of the better land can be governed by the limitations of the 
poorer, thus establishing a pattern limitation. 


Climatic Limitations (c) 

In an attempt to arrive at a basic division into climatic regions on a 
national basis for the purposes of land use capability classification, Bibby 
and Mackney (1969) established an inventory of climate based on water 
balance and temperature during the period April to September, that is on 
R—PT and T(x) where R = average rainfall (mm), PT = average potential 
transpiration (mm) and T(x)=long-term average of mean daily maximum 
temperature (°C). Three broad groups have been defined on the basis of 
increasing severity of climate. 


GROUP I 
R—PT<100mm and T(x)>15°C 
Areas where climatic limitations on crop growth is nil, or only slight. 


GROUP II 
R—PT<300mm and T(x)>14°C but excluding Group I 


Areas suffering from a moderately unfavourable climate that restricts 
choice of crops. 
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GROUP III 
R—PT>300 mm or T(x)<14°C 


Areas with a moderately severe to extremely severe climate which 
further limits the range of crops. 

Consideration is given not only to the general climatic regime of the 
area but also to associated factors such as length of growing season, ex- 
posure, liability to local frost, penetration of sea influences inland along 
valleys, and pollution, both natural (salt spray) and industrial. 


Liability to Erosion (e) 

Two major forms of erosion, by wind and by water, are recognized. 
Areas of blown sand and coarse-textured soils in exposed situations are 
liable to wind erosion when the plant cover is breached either by natural 
causes or by cultivation, while lowering of the water-table can make 
poorly drained sandy soils (e.g. Whitelinks series) more susceptible to 
wind erosion. On steep slopes overgrazing and overburning make thé soils 
liable to water erosion, with the possibility of gully and scree formation. 


THE LAND USE CAPABILITY MAPPING UNITS 


An important factor in the preparation of the land use capability map for 
the area is climate. The interrelation of climatic factors is strikingly illus- 
trated in this area where low temperatures coupled with low evapo-. 
transpiration make a mean annual average rainfall of 750-900 millimetres 
relatively excessive. The open topography of much of the area and its 
subjection to strong winds add further to the severity of the climate. On 
the basis of the inventory of climate (Bibby and Mackney, 1969) the area 
under review falls within group 3, areas with a moderately severe to 
extremely severe climate. On climate alone the soils of the area can be no 
higher than class 3. (There are small areas with a more amenable climate 
in the south of the area, especially in the deep sheltered valleys of the, 
Langwell and Berriedale Waters, but here other limitations come into’ 
effect). The areal extent of each land use capability class and its per- 
centage of the total area are given in Table L, the relationship between 


Table L/ Areas (sq km) of Land Use Capability Classes 


L.U.C. Class Area Percentage of Total Area 
3 351 31 
4 87 8 
5 59 5 
6 613 53 
7* 16 1 

Built-up areas 3, 20 

and lochs 


* includes quarries and quarry spoil 
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the classes, subclasses and mapping units is given in Table M, and the 
distribution of the classes is shown in Fig. 26. The component soils of the 
various subclasses and their specific limitations are discussed below. 


Table M/Land Use Capability Classes, Subclasses and Soil Mapping Units 


Land Land 
Capability Capability 
Class Subclass Soil Mapping Units 
3 w Sibster series and Alluvial soils 
s Bilbster, Halsary and Ramscraigs series 
ws Dunbeath, Thurso and Tresdale series 
s/w Bilbster complex and Ulbster complex 
4 ; w Organic soils and Alluvia! soils 
ws Cam-leathad, Canisbay, Dunbeath, Knockally, 
Olrig and Thurso series : 
sw Berriedale series 
cw Dunbeath and Thurso series 
cs Bilbster, Gaerlie and Ramscraigs series 
cs/cw Ulbster complex 
5 w Alluvial soils 
s Langwell series and Alluvial soils 
g Bilbster and Fungarth series 
ws Anniegathel, Dunbeath, Knockally, Olrig, 
_ Thurso and Whitelinks series 
sw Camster and Gaerlie series 
se - Fraserburgh series 
cw Dunbeath and Thurso series 
cs Bilbster and Ramscraigs series 
ws/se Whitelinks complex 
sg/w Bilbster complex and Ulbster complex 
6 Ww Organic soils, Alluvial soils and Peat- 
Alluvium complex 
g Berriedale, Bilbster, Charr, Countesswells, 
Dunnet, Fungarth, Gaerlie and panewelt series, 
Mixed bottom land 
e Links 
ws Anniegathel, Braemore, Canisbay, Knockally 
and Olrig series 
sw Berriedale, Camster, Charr, Dunnet, Gaerlie, 
Marlain and Warth series 
sg Halsary, Shielton and Tarbothill series 
w/sg Camster complex 
sg/w -‘Achavanich complex 
7 Ww ‘Peat with dubh lochans 
s - ‘Scraulac series and Berriedale and Durnhill 
skeletal soils 
£ Berriedale skeletal soils and Thurso till cliffs 


e Fraserburgh skeletal soils 


2 
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Class 3 


SUBCLASS 3w 


This subclass includes soils of the Sibster series (noncalcareous gleys) and 
some imperfectly or poorly drained fine-textured alluvial soils. Wetness 
is the dominant limiting factor. The partially water-sorted parent material 
of the Sibster series offers a®ood rooting medium and encourages the 
development of extensive root systems. 


SUBCLASS 3s 


Included in this subclass are soils of the Bilbster, Ramscraigs and Halsary 
series (all podzols). In the Bilbster and Ramscraigs series the shallowness 
of the soils is the principal limiting factor. The shallowness is either due 
to the presence of rock near the surface, as in the shallow phase of the 
Bilbster series, or to induration with or without a thin iron pan above, 
such as occurs in the Bilbster intermediate and deep phases and in the 
Ramscraigs series. In some soils there is a thin horizon of gleyed material 
immediately above the indurated horizon or the thin iron pan. This is no 
limitation and can be beneficial to plant growth in the shallower soils 
during dry spells. In the Halsary series the soil limitation is coarse tex- 
ture and stoniness, although weak cementation and a thin iron pan are 
occasionally present. 


SUBCLASS 3ws 


Soils of the Dunbeath, Thurso and Tresdale series (all noncalcareous 
gleys) have been placed in this subclass. The soils have both a wetness 
and a soil limitation due to the compact, massive or coarsely structured, 
slowly permeable sub-surface horizons which cause a drainage impedance 
and form a barrier to root penetration. In the Thurso series in particular, 
rooting depth can be affected by the proximity of bed-rock to the surface. 


SUBCLASS 3s/w 


Areas of the Bilbster and Ulbster complexes have been placed in this sub- 
class. The dominant soil limitation is shallowness due in the Bilbster 
complex to the presence of an indurated horizon, and in the Ulbster com- 
plex to the proximity of bed-rock to the surface. The complexes are areas 
of subdued mounds and ridges with wet colluvial or till hollows. 


Class 4 


SUBCLASS 4w 


Some cultivated organic soils and some alluvial soils have been assigned 
to this subclass. The organic soils require very careful management and 
comprehensive drainage schemes. The soils are naturally wet and have a 
very high water-retention capacity. There will probably be some soil 
limitations, particularly in respect of inherent fertility. 
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SUBCLASS 4ws 


The noncalcareous gleys of the Cam-leathad, Dunbeath and Thurso series 
and the cultivated peaty gleys of the Canisbay, Knockally and Olrig 
series are found in this subclass. The major limitation is wetness. In the 
Cam-leathad series the wetness is largely a result of the fine texture of the 
parent material and the consequent slow permeability of the sub-surface 
horizons. The Dunbeath and Thurso serigs in this subclass tend to be 
found in flushed and receiving sites where wetness is mainly the result of 
a high water-table with periodic flushing and sometimes flooding. The 
dominant soil limitations are texture and structure. In the cultivated 
peaty gleys the often highly organic surface horizons can create manage- 
ment problems during wet periods and be responsible for certain fertility 
problems. Within the peaty gleys there may also be textural and structural 
limitations, and in some cases the presence of an indurated horizon causes 
wetness in the upper horizons. 


SUBCLASS 4sw 


The cultivated soils of the Berriedale series (peaty podzols) are placed in 
this subclass. The soils have a highly organic surface horizon and a thin 
iron pan with a gleyed mineral horizon above it. The soils are often wet 
because the organic-rich surface horizon has a high water-retention 
capacity, and the presence of a thin iron pan and an indurated horizon 
immediately below causes drainage impedance. The thin iron pan and in- 
duration also curtail rooting. If, in the case of the uncultivated soils of the 
Berriedale series, the soil limitations, particularly the thickness of the peaty 
surface horizon, can be modified or removed at an acceptable cost and 
the climate is favourable, these soils would likewise be included in sub- 
class 4sw. The soil limitations are considered more important than. the 
wetness limitations. 


SUBCLASS 4cw 


This subclass includes soils of the Dunbeath and Thurso series. The major 
limitation on these soils is climate. With an increase in altitude there is an 
increase in the severity of the climate and especially in exposure. The 
effect of exposure is most readily seen on hills such as Spital Hill, Olrig 
Hill, Buckies Hill and Hill of Sour that rise from the general level of the 
Northern Plain. The soils are possibly wetter than similar soils at lower 
altitudes because of the interaction of climatic factors, but other soil 
properties are essentially the same. In the Northern Plain the division 
between class 3 land and class 4 land is made at approximately 90 metres 
(300 feet), due regard being paid to local aspect and shelter. In the area 
of the Dunbeath series the climate is generally more favourable than in. 
the Northern Plain. A favoured south-easterly aspect and the shelter. 
afforded by the Dunbeath valley allow cultivation at higher elevations 
than in other parts of Caithness. Consequently class 3 land extends to 
greater altitudes than in the north and the divisions between class 3 land 
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and class 4 land on the basis of climatic influence is made at about 120 
metres (400 feet). Certain parts along the coast are exposed to the in- 
fluence of salt spray, which, together with wind blasting, can have a 
marked effect on plant growth. The zone of influence of salt spray varies, 
depending on the direction of the prevailing wind and local variations in 
topography. The soils of these narrow coastal fringes are also placed in 
this subclass. 


SUBCLASS 4cs 


Included in this subclass are soils of the Bilbster and Ramscraigs series 

(podzols) and the Gaerlie series (peaty podzols). Climate, and particularly 

exposure as governed by altitude and aspect, is the main factor limiting 

the capability of these soils. The altitude limits and conditions are basic- . 
ally the same as those cited for subclass 4cw. In the Bilbster and Rams- 

craigs series the limiting soil property is the presence of an indurated 

horizon, whereas in the cultivated Gaerlie series the main soil limitations 

are coarseness of texture and stoniness. 


SUBCLASS 4cs/cw 


Areas of the Ulbster complex in exposed situations are included in this 
subclass. The ridge and hollow, or stepped pattern, is not sufficiently 
marked to warrant a gradient limitation. 


Class 5 


SUBCLASS 5w 


Some poorly drained, finer textured alluvial soils are placed in this sub- 
class. The wetness limitation prohibits arable cropping, but mechanized 
pasture improvement is feasible. 


SUBCLASS 5s 


Certain areas of the Langwell series and some alluvial soils have been in- - 
‘cluded in this subclass. In both cases the major soil limitations are coarse 
texture and stoniness but in the Langwell series there can be problems of 
shallowness due to the proximity of bed-rock to the surface. Soils of the 
Langwell series are normally found on steep slopes but in this case grad- 
ient is not sufficient to prevent the operation of mechanical implements. 


SUBCLASS 5g 


Here gradient prevents the use of certain mechanical implements associ- 
ated with arable cropping, but is not so steep as to prevent some form of 
mechanical improvement of pasture. Slopes greater than 15 degrees are 
not suitable for normal rotations and remain in grass for long periods; 
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cultivation costs can be large. On slopes of more than 25 degrees no 
mechanized operations are possible without highly specialized and costly 
equipment. Some areas of the Bilbster series (podzols) and the Fungarth 
series (brown forest soils) have been placed in this subclass. 


SUBCLASS S5ws . 


Soils of the Anniegathel, Dunbeath, Thurso, Knockally, Olrig and White- 
links series are grouped in this subclass. The soils of the Anniegathel, 
Dunbeath and Thurso series (noncalcareous gleys) are very wet, often 
occurring in flushed or receiving sites. The main soil limitations in the 
Dunbeath and Thurso series are poor structure linked with moderately 
fine texture and in the Anniegathel series, moderately coarse texture and 
stoniness. In the case of the Knockally and Olrig series (peaty gleys) the 
major soil limitation is the thickness of the peaty surface horizon. If this 
horizon is not too thick, or too wet, mechanical improvement can be 
carried out at an acceptable cost. Other soil limitations can be structure, 
induration, or fertility problems associated with the peaty nature of the 
surface horizon. If climate were favourable such areas of soils could be 
capable of improvement to class 4 land. The soils of the Whitelinks series 
(calcareous gleys) are wet, due to a high but seasonally fluctuating water- 
table, caused by the presence of slowly permeable drift or peat at the base 
of the soil profile. The soils are developed on shelly sand and soil limit- 
ations are coarse texture and the possibility of fertility problems arising 
from the calcareous nature of the material. Mechanical improvement is 
feasible but cultivation, drainage and the lowering of the water-table 
would increase the risk of wind erosion. 


SUBCLASS 5sw 


Included in this subclass are peaty podzols of the Camster and Gaerlie 
series, their inclusion being largely dependent on whether or not the soil 
and wetness limitations can be modified or removed at an acceptable cost. 
The main soil limitations are the thickness of the peaty surface horizon, 
and shallowness due either to the proximity of bed-rock or to the almost 
invariable presence of a thin iron pan which may or may not lie above an 
- indurated horizon. The thin iron pan or the indurated horizon acts as a 
barrier to root penetration and to vertical water movement down the pro- 
file. The wetness limitations are in some degree due to waterlogging above 
the thin iron pan, to the high water-retention capacity of the peaty sur- 
face horizon and to the interaction of climatic factors. Further improve- 
ment of the peaty podzols is largely controlled by climate; if climate is 
favourable and soil limitations are not too severe then improvements to 
the standards of class 4 or even class 3 land are possible. 


SUBCLASS Sse 


The soils of the Fraserburgh series (brown calcareous soils) have been 
placed in this subclass. The soil limitation is coarseness of texture and 
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consequent low available-water capacity. Because of the coarse texture 
and exposure to wind, there is the possibility of erosion under cultivation. 
There can also be soil fertility problems due to the calcareous nature of 
the soils. 


SUBCLASS Scw 


Soils of the Thurso and Dunbeath series are included in this subclass 
where an increase in the severity of climate due to altitude and aspect 
prohibits the production of arable crops. Climate is therefore the major 
limiting factor. Because of the increased severity of climate the soils may 
be wetter than similar soils at a lower altitude. 


SUBCLASS Scs 

The severity of the climate due to altitude and aspect is the principal 
factor limiting arable farming on soils in this subclass, which includes 
soils of the Bilbster and Ramscraigs series. The main soil limitation is 
shallowness caused by the presence of an indurated horizon or by the 
proximity of bed-rock to the surface. 


SUBCLASS 5ws/se 

Areas of the Whitelinks complex, a complex of Whitelinks series and 
Fraserburgh series, have been mapped as this subclass. The limitations 
are those of the component soil series. 


SUBCLASS 5sg/w 

The Bilbster and Ulbster complexes have been placed in this subclass in 
areas where moundiness is sufficient to produce steep-sided mounds and 
where the hollows tend to be very wet or peaty. 


Class 6 


SUBCLASS 6w 


Organic soils, some alluvial soils and peat-alluvium complex are included 
in this subclass..The main limitation is wetness resulting from the very 
high water-retention capacity of the organic soils or from the high water- 
table of the alluvial soils and the peat-alluvium. In some of the more 
exposed areas of organic soils the combination of low temperatures and 
low evapo-transpiration makes the soils even wetter. 


SUBCLASS 6g 


When found on slopes too steep for mechanical improvement, soils of 
the Bilbster, Berriedale, Charr, Countesswells, Dunnet, Fungarth, 
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Gaerlie and Langwell series are placed in this subclass. The gradient fac- 
tor dominates. all other possible limitations. Mixed bottom land, which 
has both gradient and soil pattern limitations, is also included in this sub- 
class. 


SUBCLASS 6e 


Links soils have been placed in this subclass, the major limitation being 
liability to erosion once the surface vegetation is breached. The risk of 
erosion is closely related to the coarseness of texture and the loose, single- 
grain structure of the soils. 


SUBCLASS 6ws 


Soils of the Anniegathel series (noncalcareous gley) and the Braemore, 
Canisbay, Knockally and Olrig series (peaty gleys) are included in this 
subclass. Those of the Anniegathel series tend to occur in flushed and 
receiving sites and are consequently wet: The soil limitations are mainly 
stoniness and coarseness of texture. In the peaty gleys the wetness limitation 
is due to the high water-retention capacity of the organic horizons and to 
the low permeability of the sub-surface horizons. The peaty surface horizon 
is in itself a soil limitation, another being the restriction on rooting depth, 
a consequence of the poor structure in the sub-surface horizons. The 
limitations in this subclass are severe enough to prevent mechanized 
improvement of the soils. 


SUBCLASS 6sw 


Included in this subclass are peaty podzols of the Berriedale, Camster, 
Charr, Dunnet, Gaerlie, Marlain and Warth series. The soil limitations 
have been given precedence over the limitation of wetness. The main soil 
limitations are firstly a peaty surface horizon and secondly a limited 
rooting depth caused by a thin iron pan or an indurated horizon with or 
without a thin iron pan above, or the proximity of bed-rock to the surface. 
Stoniness can also be a soil limitation. The wetness limitations are basic- 
ally the result of the high water-retention capacity of the peaty surface 
horizon and the presence of a thin iron pan or induration hindering vertical 
water movement down the profile. 


SUBCLASS 6sg 


Soils of the. Halsary, Shielton and Tarbothill series have been placed in 
this subclass. The main soil limitations are coarseness of texture and 
stoniness which could cause problems of water retention. In the peaty 
podzols of the Shielton and Tarbothill series the presence of a thin iron 
pan and, in some cases, a cemented horizon are further limitations. The 
soils in the subclass occur on steep-sided, narrow ridges and mounds, 
the gradient of the ridge flanks preventing mechanical improvement. 
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SUBCLASS 6w/sg 

The Camster complex is placed in this subclass. The complex occurs on a 
landscape of blanket peat with rock ridges and knolls, the peat and rock 
ridges occurring in approximately equal proportions. The wetness limit- 
ation. applies to the areas of peat. Shallowness, due either to the proximity 
of bed-rock to the surface or to the presence of induration in soils developed 
in pockets of deeper drifts on the rock ridges, is the main soil limitation. 
There are also limitations due to gradient and soil pattern but in the Camster 
complex it is the gradient of the ridges and mounds rather than the soil 
pattern that limits mechanical improvement. 


SUBCLASS 6sg/w 

The Achavanich complex, a complex of peaty soils and peat occurring on 

stepped or ridged topography, is placed in this subclass. The major soil 

limitation is shallowness due to the proximity of bed-rock to the surface; 

on the steeper slopes gradient is an additional limitation. The wetness 
- limitation applies on the flatter areas of the complex where peaty gleys or 

peat are present. 


Class 7 


SUBCLASS 7w 
Peat with dubh lochans has been placed in this subclass. 


“SUBCLASS7Ss 


The Scraulac series and the skeletal soils of the Berriedale and Durnhill 
Associations are placed in this subclass. Extreme stoniness, coarse texture 
and inherent infertility are the main limitations in the Scraulac series and 
the Durnhill skeletal soils. The Berriedale skeletal soils occur on con- 
glomerate outcrops and here the major soil limitation is soil depth. 


SUBCLASS 7g 


The skeletal soils of the Berriedale Association and the till cliffs of the 
Thurso Association have been placed in this subclass. Gradient is the 
major limitation. ; : 


SUBCLASS 7e 


The skeletal soils of the Fraserburgh Association have been placed in this 
subclass. The soils have a very high liability to erosion. - 


Quarries and quarry spoil are included in Class 7 but they. have hot 
been assigned to a subclass. 


L 


8 | Vegetation 


The vegetation of Caithness is chiefly an expression of the vast areas of 
blanket peat and the highly oceanic northern climate. Considerable areas 
of unproductive land have been brought under arable agriculture by draining, 
often after skinning off peat, but the limitation of climate remains and 
none of the land is higher than Class 3 in the Land Use Capability Classi- 
fication for agriculture. 

With the exception of the sea cliffs and flats behind the calcareous 
dunes the landscape is not rich in plant communities. The vegetation 
reflects the range in climate from hemiboreal in the lowland sub-region 
(Birse, 1971) to lower oroarctic in the high upland sub-region on Scaraben, 
but the oroarctic or alpine vegetation covers only a small area and it is the 
vegetation on the blanket peat and podzols of the boreal region which 
dominates the scene. 


METHODS 


Field methods based on those of Poore (1955a, 1955b) are used in recording 
the vegetation. In estimates of the cover/abundance of individual plant 
species the Domin scale is used. 

Construction and analysis of the plant communities are carried out in 
accordance with the methods of the Ziirich-Montpellier school of phyto- 
sociologists, and the authors are indebted to Professor R. Tiixen of Rinteln 
for guidance in their use. The character species of class, order and alliance 
are used to group relevés, the groups being subsequently sub-divided into 
associations, using character or differential species. Where possible the 
associations are broken down to subassociations using blocks of differ- 
ential species. Where relevés are too few for setting up an association the 
vegetation unit is named by one or two species and designated a ‘com- 
munity’. 

The plant communities are named and briefly described below, while 
the class, order and alliance to which they belong are given in Tables 28 
to 44, Appendix VII, along with the plant lists of the relevés recorded in 
Caithness. 


PLANT COMMUNITIES 


Mertensio-Atriplicetum laciniatae (Nordhagen, 1940) Tx. 1967 
Frosted orache strand-line 
(Table 28) 


This is the regional association of the strand-line for Norway, Scotland 
and Northern England according to Tiixen (personal communication). 
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Only one relevé of this community was recorded, and from the presence 
of the three grass species Elymus arenarius, Ammophila arenaria and 
Agropyron junceiforme it is a slightly degenerate form. These species 
indicate some influence of sand building. Mertensia maritima does occur 
along the sandy sea-shore of Caithness but so rarely that the community 
is mostly found without it. The absence of this species is probably a 
measure of the ease of access by grazing animals as it is found in great 
abundance in other areas where access is denied. The soil under this com- 
munity of nitrophilous annual species is a raw unstable sand with some 
buried rotting organic debris, mainly seaweed. The pH is over 8-0 and the 
content of organic matter, although low, is usually higher than in the 
nearby primary dunes. 


Elymo-Agropyretum boreo-atlanticum Tx. (1937) 1967 
Northern sea couch-grass dune 
(Table 29) 


Only one relevé, on Dunnet Sands, of the primary dune community 
was recorded. It is part of the subassociation with Honkenya peploides 
and the presence of Ammophila arenaria shows some degeneration to 
the next stage of dune building. The soil is an unstable moving sand 
of quartz and shell fragments. The amount of organic matter is very 
low and the pH almost 8-0. 


Elymo-Ammophiletum Br.-Bl. et De L. 1936 
Northern marram grass dune 
(Table 30) 


With the exception of No. 68031, which is on actively building dune 
on Keiss Links, the stands recorded show a late degenerative stage of 
the community. A feature of the active dunes of Caithness, and also 
observed in the Outer Hebrides, is the high frequency of Heracleum 
sphondylium. \t is not clear whether its presence is due to the influence 
of the extremely windy hyperoceanic climate or to the past intensive 
use by man of the hinterland of the dunes. The soils are skeletal soils 
of the Fraserburgh Association. There is a varying amount of shell 
fragments in the sand but the pH is invariably greater than 7-0 and 
can rise to almost 8-0 in the lower parts of the profile. 


Euphrasio-Festucetum arenariae Gehu et Tx. ms. 
Eyebright-red fescue dune 
(Table 31) 


The three relevés contain the differential species Viola tricolor ssp. 
curtisii and Gentianella campestris and one of the relevés contains 
Bellis perennis and Ranunculus acris. All these species differentiate 
this hyperoceanic dune community from Astragalo-Festucetum arenariae, 
Tx. et Westh. ms., of the drier, less oceanic, east coast of Scotland. 
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The soils are members of the Fraserburgh Association; two are im- 
mature brown calcareous soils (Fraserburgh series) and the third is a 
calcareous ground-water gley (Whitelinks series). 


Carex echinata~Carex panicea community 
Star sedge mire 
(Table 32) 


One relevé of. this small sedge community on acid soils was recorded, 
at Dalemore on a peaty gley. From the presence of Carex hostiania, 
Carex pulicaris and Campylium stellatum it is transitional to Erio- 
phorion latifolii but has been retained in the Caricion curto-nigrae 
alliance. The grazing value is low by comparison with that of Lolio- 
Cynosuretum (see below) but the vegetation nevertheless provides 
useful grazing in low-quality moorland areas. 


Schoenus nigricans community 
Bog-rush mire 
(Table 33) 


This community was sampled at Holburn Head on a very poorly 
drained gley of the Thurso Association flushed with calcium-rich water. 
Sheep graze this vegetation for limited periods during the year. 


Ranunculus repens—Juncus effusus community 
Soft rush pasture 
(Table 34) ; 


Only a few relevés of this community were recorded and these have been 
provisionally placed in the Calthion alliance. Two stands of this vegetation 
were sampled in Caithness, both on noncalcareous gleys, the Thurso 
series and the Dunbeath series. The soil at each site is acid and has low 
base saturation in the surface horizon. 


Juncus effusus-Sphagnum recurvum community 
Bog moss water track 
(Table 34) 


This community, because of the abundance of Juncus effusus, has been 
provisionally placed in the same Calthion alliance, although it has strong 
affinities with the alliance Caricion curto-nigrae. The one relevé recorded, 
at Backlass, is on a very wet soil of peat-alluvium which has woody remains 
of birch at various levels in the profile. ‘ 


Lolio-Cynosuretum (Br.-Bl. et De L. 1936) Tx. 1937 

Rye-grass—crested dog’s-tail pasture 

(Table 35) 

This pasture community is widespread throughout lowland Scotland and 
two of the subassociations distinguished by Tiixen (1937) have been 
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identified. Both are to be found in Caithness; the typical subassociation 
is the younger and generally more heavily grazed and fertilized pastures, 
while the subassociation with Luzula campestris is the older and often 
less intensively used pastures. One relevé of the typical subassociation 
has been recorded, at Scarmclate on a noncalcareous gley of the Thurso 
series. The soil reaction is almost neutral and the profile is moderately 
saturated with bases throughout. 

The other three stands are part of the Luzula campestris subassociation. 
Two, from beside Murkle Bay, are on soils developed on wind-blown 
shelly sand; these soils are alkaline in reaction. The third relevé is on the 
Bilbster series at Camster. Here the soil is a cultivated podzol with a dis- 
continuous iron pan at a depth of 23 centimetres and is moderately acid. 
The nitrophilous moss Brachythecium rutabulum is present in the first two 
relevés and absent from the third. This, together with the presence of 
Hylocomium splendens and Rhytidiadelphus squarrosus in the third relevé, 
emphasizes the more acid conditions and less favourable nitrogen status 
in the third soil. 


Achilleo-Festucetum tenuifoliae Birse et Robertson 1976 
Bent-fescue grassland 
(Table 36) 


The bent-fescue grassland in this area is often found on land which at 
some time in the distant past has been cultivated. Only two subassociations 
have been recorded, the typical and the subassociation with Holcus mollis, 
although the third, with Thymus drucei, may occur locally. The influence 
of the hyperoceanic southern boreal climate (Birse, 1971) possibly accounts 
for the frequent occurrence of Polytrichum alpinum in the community. 
The typical subassociation was recorded on cultivated podzols of the 
Bilbster and the Ramscraigs series and on alluvium. The relevé of the 
subassociation with Holcus mollis is on a brown forest soil of the Fungarth 
series at Langwell. 


Junco squarrosi-Festucetum tenuifoliae Birse et Robertson 1976 
Typical subassociation White bent grassland 
(Table 37) 


White bent (Nardus) grassland is not extensive and only one relevé of the 
community has been listed, at Achavanich on an acid noncalcareous gley 
(Thurso series). Nardus stricta is present in small amounts and the 
physiognomy of the vegetation is dominated by abundant heath rush, 
Juncus squarrosus, along with the grass species. 


Carici binervis-Ericetum cinereae Br.-Bl. et Tx. (1950) 1952 
Atlantic heather moor ; 
(Table 38) 


This association, together with the wetter moorland communities, covers 
many hectares of Caithness and gives the hinterland of the county the 


150 The soils of the country round Wick 


sombre character shown for much of the year. One of the subassociations 
distinguished by Braun-Blanquet and Tiixen in Ireland has been recorded 
and a second, the subassociation with Empetrum nigrum, has been trans- 
ferred to the more upland association Empetro-Ericetum cinereae. 

The typical subassociation was described on peaty podzols of the 
Camster and Shielton series. These soils have been modified by the practice 
of muirburn to such an extent that the surface layer of peaty humus has been 
reduced. By far the most extensive subassociation is that with Molinia 
caerulea. This wet heath community grades into vegetation of the Ericion 
tetralicis alliance and it covers large areas of peaty gleys and peaty podzols 
of the Thurso Association. It is also the characteristic community of peaty 
podzols of the Corby and the Dunnet Associations. The subassociation 
with Viola riviniana was recorded on a small area of acid brown forest 
soil at Knockinnon. 


Empetro-Ericetum cinereae Birse et Robertson 1976 
Boreal heather moor 
(Table 39) 


Two relevés of dry Calluna moor with Empetrum nigrum and Salix repens 
have been placed in this association. They are from extremely exposed 
sites on Holburn Head and have been distinguished as the Salix repens 
variant of the typical subassociation of the community. The soils under 
both are shallow humose soils on rock. 


Erico-Sphagnetum magellanici J. J. Moore (1964) 1968 
Blanket and raised bog 
(Table 40) 


This community dominates much of the Caithness landscape and two of 
the subassociations have been recorded. By far the more extensive is the 
subassociation with Cladonia uncialis which occurs throughout the southern 
boreal and lower oroboreal sub-zone on level to very gently sloping blanket 
peat. One relevé has the unusual feature of abundant Arctostaphylos 
uva-ursi. The typical subassociation was recorded at Killimster in the 
hemiboreal sub-zone; the relevé belongs to the variant with Myrica gale. 
From the presence of Pleurozia purpurea, Pinguicula vulgaris and Carex 
panicea in some of the relevés, the vegetation shows some affinity to the 
Pleurozia purpurea-Erica tetralix association, Br.-Bl. et Tx. 1952 em. 
J. J. Moore 1968, but has been assigned to the more general Erico- 
Sphagnetum because of the rather low occurrence of the differential 
species of this second association. 


Rhytidiadelphus loreus—Sphagnum fuscum community 
Mountain bianket bog 
(Table 41) 


This type of vegetation is found in an area on the summit ridge of Scaraben. 
It is at the upper boundary of the orohemiarctic sub-zone and the relevé 
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was recorded from peat, 115 centimetres deep, on a steep, east-facing 
slope. It is a somewhat degenerate form of the community, with less 
abundant lichens, and both Trichophorum cespitosum and Juncus 
squarrosus, which are usually absent, are present in the stand. 


Empetrum hermaphroditum—Rhacomitrium lanuginosum community 
Crowberry-woolly fringe-moss heath 
(Table 42) 


This community occurs on the summit ridge of Scaraben. The dominant 
or most abundant species is either Rhacomitrium lanuginosum or very 
low wind-cut Calluna vulgaris. The soil is a subalpine podzol and acid 
throughout the profile. The vegetation, however, indicates that the site is 
just above the lower limit of the low alpine or lower oroarctic sub-zone. 


Galio saxatilis-Quercetum Birse et Robertson 1976 
Oakwood 
(Table 43) 


Woodland is fragmentary and only one relevé of acid oakwood vegetation 
has been made. It is an open stand of secondary ash, with planted Euro- 
pean larch, and the woodland floor vegetation has abundant Holcus mollis 
and Pteridium aquilinum. The relevé belongs to the subassociation with 
Endymion non-scriptus and shows affinities with Fago-Quercetea, especially 
by the presence of Ranunculus ficaria. The soil, developed on alluvium 
along the Langwell Water, is a freely drained acid brown forest soil with 
evidence of a fluctuating water table below 75 centimetres. 


Aceri-Ulmetum glabrae Birse et Robertson 1976 
Sycamore-elmwood 
(Table 44) 


Woodland on base-rich soils is extremely rare and the one relevé re- 
corded, at Olrig Mains, is not a good example of this community. The 
wood is small in area and the vegetation is thus strongly influenced by 
woodland edge conditions. Geranium robertianum is abundant and 
Epilobium montanum is frequent. The soil is an imperfectly drained 
member of the Bilbster series with base saturation rather low in the upper 
part of the profile but rising to moderate values below 45 centimetres. 


RELATIONSHIP BETWEEN MAJOR SOIL SUBGROUPS 
AND PLANT COMMUNITIES 


The relationship between some of the more extensive major soil subgroups 
and plant communities has been established. The weed communities of 
arable fields have yet to be investigated. 


Skeletal and Brown Calcareous Soils 


On the skeletal soils and brown calcareous soils of the Fraserburgh 
Association are found the strand-line community, Mertensio-Atriplicetum 
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laciniatae, and the earlier stages of the sand-dune succession, Elymo- 
Agropyretum boreo-atlanticum and Elymo-Ammophiletum. With fixation 
of the sand and the beginnings of soil horizon differentiation, Euphrasio- 
Festucetum arenariae becomes the characteristic community. Behind the 
dune system the land surface is still subject to sand deposition, but it often 
carries a heavy stock of grazing animals. In such cases, the land being 
under permanent pasture and seldom ploughed, the vegetation belongs 
to the Luzula campestris subassociation of the Lolio-Cynosuretum 
community. 


Brown Forest Soils 


The subassociation with Endymion non-scriptus of Galio saxatilis- 
Quercetum occurs on an acid brown forest soil developed on alluvium. 
The other important community on this group of soils is Achilleo- 
Festucetum tenuifoliae, bent-fescue grassland. Two subassociations have 
been recorded, the typical subassociation, on alluvium at Dunbeath, and 
the subassociation with Holcus mollis, on the Fungarth series of the 
Strichen Association. Although limited in extent, one further community 
has been recorded on these soils. It is the subassociation with Viola riviniana 
of Carici binervis-Ericetum cinereae. The soil is part of the Thurso 
Association but covers too small an area to be mapped. 


Podzols 


The vegetation on the freely and imperfectly drained podzols ranges 
from Lolio-Cynosuretum on the cultivated soils to Empetro-Ericetum 
cinereae on the uncultivated. The relevé at Camster, on a cultivated 
podzol which has traces of an iron pan at the base of the former plough 
layer, is of the Luzula campestris subassociation of Lolio-Cynosuretum. 
Although the soil has not been ploughed for some time the surface horizon 
has a pH value of 5-7. Other cultivated podzols, which have lain unploughed 
for a long time or have not been so intensively managed and grazed 
after cultivation, carry vegetation of Achilleo-Festucetum tenuifoliae. 
The typical subassociation is recorded on the Bilbster and the Rams- 
craigs series. 

Podzols unmodified by past cultivation have dry heather moor 
communities. The typical subassociation of Carici binervis-Ericetum 
cinereae has been recorded on a humus iron podzol/peaty podzol 
intergrade of the Thurso Association at Dalemore. On the very exposed 
position of Holburn Head a shallow podzolic soil overlying hard flag- 
stone carries the Salix repens variant of the typical subassociation of 
Empetro-Ericetum cinereae. 


Subalpine Podzols 


Two relevés of the Empetrum hermaphroditum-Rhacomitrium lanuginosum 
community have been recorded on the subalpine podzols of Scaraben. 
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Peaty Podzols. 


The characteristic vegetation of the peaty podzols is the Molinia 
caerulea subassociation of Carici binervis-Ericetum cinereae. Three 
relevés of the subassociation have been recorded on the Camster 
series, one on the Tarbothill series at Dalemore and one on the Dunnet 
series on Dunnet Hill. Where the soils are drier in their upper horizons 
the typical subassociation of the same community is found. An 
example was recorded from Acharole on the Shielton series. None of 
the three differential species of the Molinia subassociation are present 
in this relevé, but in many cases a few scattered plants of Trichophorum 
cespitosum indicate the affinity with the wetter subassociation. 


Calcareous and Noncalcareous Gleys 


One record of Euphrasio-Festucetum arenariae was made on the 
Whitelinks series, a ground-water gley of the Fraserburgh Association. 
The presence of small Carex spp. and Selaginella selaginoides is evidence 
of the wetness of the soil. 

The noncalcareous gleys are somewhat heterogeneous as regards 
base status. On the more acid members Junco squarrosi-Festucetum 
tenuifoliae and the: Ranunculus repens-Juncus effusus community 
have been recorded. It is the typical subassociation of Junco squarrosi- 
Festucetum tenuifoliae which has been described, and the affinity of the 
actual relevé with wet Molinietalia pastures is seen in the presence of Achillea 
ptarmica, Juncus effusus and Ranunculus acris. On the gleys of 
moderate to high base status the Schoenus nigricans community and 
Lolio-Cynosuretum have been described. The Schoenus community is 
on a gley of the Thurso Association where base saturation is 87 per cent 
in the surface horizon and 100 per cent below 60 centimetres. The 
Lolio-Cynosuretum at Scarmclate is on the Thurso series. The field is 
artificially drained and a ley pasture of the typical subassociation of 
the community is established. 


Peaty Gleys 

One relevé, on a peaty gley (Olrig series) with moderate to high base 
saturation throughout the profile, has been tabulated. The vegetation 
is the Carex echinata-Carex panicea community. 


Peat-Alluvium 


One stand, on peat-alluvium at Backlass, has been described. There 
are washes of mineral material within the peat and below 55 centimetres 
there are frequent birch bark remains. The vegetation is the Juncus 
effusus-Sphagnum recurvum community. 


Blanket Peat 


Seven relevés on blanket peat in the lowland region have been recorded. 
Six are in the subassociation with Cladonia uncialis of Erico-Sphagnetum 
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magellanici and one in the typical subassociation of the same community. 
On Scaraben the high-level blanket peat vegetation has been placed in the 
Rhytidiadelphus loreus-Sphagnum fuscum community, although it is, as 
already noted, a somewhat degenerate form. 
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by A. G. Allathan, B Sc (Agr.) 
North of Scotland College of Agriculture 


The pattern of farming in Caithness is one of small, upland, stock-rearing 
units. Bearing in mind the climate, and especially the exposure element, 
there is more arable land than might be expected, although practically all 
of it lies below 90 metres (300 feet). It is difficult to give statistics for the 
precise area to which this memoir relates because agricultural statistics 
are based on parishes and the boundary of the map cuts across parish 
boundaries; agricultural statistics given are for Caithness as a whole, 
although in fact most of the arable land in Caithness lies within the area 
under review. 


Climate 


The climate is described fully in an earlier chapter, so only those aspects 
which directly affect agriculture are mentioned here. The amount of rain- 
fall is not great, but because of low average temperatures and high 
humidity, factors which slow down the rate of evapo-transpiration, there 
is a water surplus for much of the year. Consequently the area does not 
suffer from drought, but the removal of surplus water from the land is a 
major problem. 

Exposure to strong winds is an important factor. High winds render 
cereal crops at considerable risk at harvest time and winter housing of 
cattle is almost a necessity. Low spring soil temperatures give a short 
growing season. Cold east winds in March and April blast all hope of 
early grass and considerable damage is done by the effects of salt spray 
round the coast. Long hours of daylight in the summer months are one 
compensation, high yields of grass being possible despite the short grow- 
ing season. The quantities of snow are not extreme but high winds can 
make drifting a problem. Cereal crops take longer to reach maturity in 
these northern latitudes with the result that they tend to be combined at 
higher moisture contents and high humidity adds to the cost of drying. 
Humidity presents fewer problems at hay and silage time. 


Land 


The general distribution of arable land and rough grazing is shown in 
Fig. 27. Caithness has some 36,500 hectares in regular cultivation, out of 
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a total land area of 154,800 hectares. The cultivated land is rarely con- 
tinuous for long distances but is broken by stretches of hill ground, 
including peat mosses. Twenty two per cent of the land area is arable, 5 
per cent permanent grass and 73 per cent outrun or hill grazing. This 
rough grazing or outrun is wet, resulting in liver fluke problems in live- 
stock and is generally of limited agricultural potential. Extensive outrun 
is a valuable compensation when arable land is poor, and lack of outrun 
a decided disadvantage to the small arable unit. 

With the exception of the Bilbster series and some of the soils developed 
on alluvium, practically all the soils of the arable land are naturally poorly 
drained. The slowly permeable topsoils and the largely impermeable sub- 
soils, together with the water surplus which occurs especially in the winter 
months, makes. artificial drainage a necessity on much of the land. Ar- 
terial drainage is made more costly by the flatness of the terrain and by 
the impermeable underlying rock which frequently lies near the surface. 
Springs sometimes occur in the rock and these are difficult to tap. In 
some instances the rock is so close to the surface as to restrict the avail- 
able rooting zone. Because of the inherent wetness of most of the land, 
field operations are particularly difficult for long spells in the winter 
months and spring seeding may be delayed. 

While most of the soils are naturally acid, the majority of them are 
now well supplied with lime chiefly through the application of shell sand 
which is found round the coast. Supplies of shell sand are now limited, the 
better sources having been used up, so that alternative forms of lime, such as 
ground limestone, are being looked at. Soil phosphate levels on the other 
hand are well below optimum and could be raised to advantage. Slag is 
now widely employed but more could be used. Potash Jevels are fairly 
satisfactory and are remaining so except where intensive grassland hus- 
bandry is being practised. Where intensive cutting is the norm, potash 
levels tend to decline. 

Of the trace elements, copper is adequate in most soils but in places 
where molybdenum is high it can be rendered unavailable to stock. Cobalt 
is generally present in adequate quantities in most soils but deficiencies 
do exist, particularly on the sandy soils round the coast. Magnesium 
levels are generally satisfactory. 


Land Tenure 


Caithness is an area of predominantly small farms, 50 per cent of the units 
being less than 20 hectares. A typical crofting area extends round the 
north and east coasts from Dunnet Bay to the Ord of Caithness while the 
interior of the district from Reay in the west to Wick is predominantly of 
family-type units or large arable farms on good land. The number of units 
in the different farm-size categories is as follows: 


Number of Units 
0-30 hectares , 760 
30—60 hectares 262 
60—120 hectares 149 
120 hectares + 167, 


Total 1338 
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Many of the larger arable units were restructured in the 1920s and 
early 1930s. In this period farms were purchased by the State, croft hold- 
ings were created and these were settled by ex-servicemen. In some other 
cases restructuring and enlargement occurred on private estates, with the 
same objective in mind. By and large these units are tenanted as opposed 
to being owner/occupied but today more and more of these holdings are 
being purchased and the estates are becoming fragmented. 

Two types of croft are found. Firstly there is the statutory croft where 
the crofter pays rent on the unimproved nature of the land, all permanent 
improvements belonging to the tenant, and secondly there are the crofts 
owned and occupied by people of like crofter status. The owner/occupier 
crofter has come about through estates selling crofts to the sitting tenants. 
With legislation as it stands at present, it is not possible to amalgamate 
the two types of croft, nor to amalgamate croft and non-croft land. Crofts 
tend to be small units on poorer land but crofters derive some benefits 
through having grazing rights on common grazings. Crofting tenure pro- 
vides security of tenure and in addition gives the right of assignation 
and/or bequest to the crofter. Its main disadvantage is that it does not 
form the basis of security on which money can be borrowed for develop- 
ment purposes. Despite this restructuring and splintering of estates, there 
are still a number of fairly big arable units. Sixty per cent of the land is 
- now owner/occupied and 40 per cent is tenanted. Within the owner/ 
occupier category comes most of the intermediate family-type units and 
the larger arable units. 


Farms and Farming Systems 


In any introduction to Caithness farming the North Country Cheviot 
sheep must be mentioned as it has been the backbone of the economy for 
so long. Five hundred ewes were introduced into the county at Langwell 
around 1791 and the breed has grown in popularity to such an extent that 
Caithness is now considered to be home of the North Country Cheviot. 

The pattern of Caithness farming has been influenced, indeed dictated, 
by a number of factors, including topography, climate, soil, distance 
from market and drainage problems, not to mention the subsidy element. 
The present-day farming pattern (1 breeding ewe per 0-4 hectare of crops 
and grass and in addition 1 breeding cow per 2 hectares of crops and grass) 
shows little variation because farming has been limited by a long depen- 
dence on sheep, a system which requires a minimum of buildings and 
capital equipment. Now that sheep farming is on the decline, major re- 
organization and development on other lines are necessary. Lack of capital 
is a major deterrent to effecting change. These limitations affect Caith- 
ness agriculture much more than does land quality where the differences 
are reflected more in the character of the stock produced than in the 
farming system. 

There are a number of hill farms but they are a small percentage of 
the total. On many of the upland units the rough grazing is integrated 
with the cultivated land, both cows and ewes being grazed on arable grass 
when high levels of production are demanded and on the poorer land 
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when production demands are lower. In some cases stock graze the arable 
grass during the day and are returned to the outrun at night, a practice 
which is commendable in that it keeps the arable grass clean and free of 
parasitic build-up. 


Cropping Pattern and Rotation 


The basic rotation practised in Caithness is lea oats followed by turnips, 
followed by oats undersown, followed by 4 to 5 years in grass. There are 
quite a number of variations to this; for instance, two cereal crops are 
sometimes grown prior to turnips, or turnips are grown after lea while 
the number of years in grass can vary from 3 to 8. The system however is 
basically a ley system. 

Caithness has had over many years a reputation for producing quality 
grain and at one stage was considered to be the granary of the North. Of 
the cereals, oats predominate and until 1966 occupied most of the cereal! 
land but since then there has been a very considerable swing to barley 
which ripens earlier, and therefore can be harvested earlier, thereby re- 
ducing the risk of exposure to the strong winds which often prevail late in 
the season. Some of the oats is late sown because it has followed turnips 
folded by sheep, with consequent yield reduction. Oat yields average 
3000 to 3100 kilogrammes per hectare but overall would probably vary 
from under 2500 to 3800 kilogrammes per hectare. Barley and wheat are 
grown on the better land and probably average about 4000 to 4100 kilo- 
grammes per hectare. The amount of wheat grown is relatively small but 
wheat is a recent introduction and is found mainly on the larger arable 
units where there is a need to spread seeding and harvest loads. 

Most farms produce grain for home consumption. Very little cash 
cropping is done except on the large arable units where grain production 
is a viable proposition, malting barley being sold to Moray Firth Maltings 
and feed barley being produced for local demand and for Orkney. An 
ever increasing proportion of surplus grain is processed into livestock 
products within the district. 

The area of turnips is falling quickly and turnips are now grown prim- 
arily for folding with sheep. In the main, turnips are precision-sown, 
gapped, mechanically harvested and handled with minimum labour. 
Yields.of 50 to 63 tonnes per hectare are about normal. Potatoes are grown 
for home consumption only. 

There is a distinct trend on the smaller, family units towards a reduc- 
tion in grain and a greater dependence on conserved grass. Hay and silage 
form the basis of the winter feed, yields of 5000 kilogrammes of hay per 
hectare and 20 tonnes of silage per hectare being common. Fertilizer usage is 
low but is increasing. Many reasons could be given for this low usage but 
perhaps the main one is that high nitrogen use is more conducive to inten- 
sive cattle production than to intensive sheep systems. Lack of buildings 
has curtailed cattle developments. Increased crop outputs and even higher 
stocking rates could be achieved with higher nitrogen rates, particularly 
applied to grassland. 
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Caithness is an upland stock-rearing area depending primarily on the 
store market, in particular the market for high quality Half-bred and 
North Country Cheviot ewe lambs. Over many: years the area has 
acquired a reputation for high quality ewe lambs and this reputation 
is cherished. The 92,000 breeding ewes in the area produce an annual 
lamb crop approaching 120,000. Lamb crops are from 70 to 80 per 
cent on the hill farm, 120 to 130 per cent on the upland units, and 
150 per cent on the larger arable units. Ewes are mainly kept in regular 
ages and cast at 5 to 6 years but in some cases cast ewes are bought 
and bred for 1 or 2 seasons. The number of ewe hoggs retained for 
future breeding is declining and farmers are tending to take an extra 
lamb crop out of breeding ewes. A few fat lambs are produced and 
store lambs are fattened when prices are poor. 

' Ewes are wintered on the outrun: After lambing (1 April onwards) 
ewes and lambs are taken into arable grassland, ewes with single 
lambs and ewes with twin lambs being grazed separately, but in both 
cases grazed with cattle. After weaning in mid to late July: ewes are 
returned to the outrun, lambs being retained on better pasture. Just prior to 
the breeding season ewes are again brought into arable grassland. 

Greater changes and emphasis have occurred in the cattle population 
and in particular in the breeding. cow. There are now some 18,000 
breeding cows and heifers in Caithness. Traditionally the policy was 
to produce fairly forward store cattle about 2 years of age. Sub- 
sequently the trend was towards the weaned calf, selling at some 6 to 
8 months of age. At the present time there is a little more flexibility 
in the system. When weaned calves command good prices the tendency 
is to sell at 6 to 9 months but quite a number of these calves are 
wintered in the area and sold at 12 to 15 months of age. Cattle are 
fattened on a limited scale primarily for the local market. At the 
present time this market is saturated and any further increase in fat 
cattle production may necessitate marketing outwith the district. One 
of the major problems in producing and selling store stock is the 
degree of market fluctuation and income, a problem which is not 
always conducive to forward planning. 

Many of the dairy farms are situated near Wick. Dairying is very 
much on the decline. At its peak there were 100 dairy units in the area, 
but only 36 now remain in milk production. Dairy herds are getting 
larger, the small herds dropping out due to the high capital investment 
in bulk tank, parlours and similar equipment. There are some 1800 dairy 
cows and heifers included in the total dairy stock of 2800. 

Pigs do not contribute greatly towards the agricultural output of the 
area but are on the increase. Pig production is very much on an 
integrated basis, a number of farmers breeding young pigs, and selling 
them at the weaner. stage to a fattening unit which in turn has a 
contract for supplying bacon/pork pigs to a wholesaler. 

Poultry numbers have declined by some 50 per. cent in the past 5 years, 
to a level where they contribute very little to the net farm income. 
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Labour 


The number of farm employees has been declining rapidly, and now 
there are fewer than 600. If any worthwhile increase in agricultural 
production is to be achieved, increases in labour rather than decreases 
will be necessary. Family labour is the backbone of most farms. 


Recent Developments 


In the past few years there has been a vast capital outlay on new 
buildings for cattle, particularly buildings with easy feeding systems 
and low labour requirements. Cubicles and/or half-bedded, half-scraped 
courts are becoming common. Interest in silage making has shown 
marked fluctuations over the years. At present there is a tendency to 
rethink grass conservation policies with silage very much to the fore- 
front. Thoughts are turning towards easy feeding systems. Because of 
the wastage involved when hay is stored outside, there is a distinct 
move towards dutch barns and indoor storage. Much of the grain is 
stored in wet grain towers and in the past two years there has been a 
big increase in the amount of propionic acid used. Small amounts of 
land improvement work have been carried out in the past number of 
years, including drainage work, and improvements by ploughing and 
surface seeding techniques. 

Many farms are over-mechanized and, with ever-increasing costs, 
simplification or co-operation may be necessary. Over the past 
number of years there has been an increase in the number of units 
amalgamated. Many families are finding it more and more difficult to 
make a realistic and adequate income on limited acreages, basically 
part-time units trying to make a full-time living from agriculture. One 
of the major drawbacks to the amalgamation of croft units is the 
heavy cost of taking over the fixed permanent improvements. This 
amalgamation trend must continue. 
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by J. Atterson, B Sc (Forestry) 
Forestry Commission (Scotland) 


Caithness has the lowest percentage of woodland of any county in 
Great Britain, except Zetland. The reasons for this are the high degree 
of exposure, the large areas of deep blanket peat which are unfavourable 
to natural colonization by tree species, and the effect of man’s 
activities. Muirburn and grazing prevent colonization in places such 
as river banks where it might otherwise succeed. On the mineral and 
organo-mineral soils of the eastern half of Caithness, natural woodland 
has been removed by man to make way for grazing animals and 
agricultural crops, and to provide wood for house building, for 
making implements and for fuel. 

Planting of trees in this area began in the seventeenth century in 
the Berriedale and Langwell valleys and because of the local topographic 
shelter large timber was produced by about 1760. Since then planting 
has continued at Langwell on mixed bottom land and on soils of the 
Langwell and Berriedale series. By this century a few smaller plantations 
had been established in other parts of Caithness such as those on soils 
of the Thurso series at Stirkoke, Barrock and Banniskirk. Even so, in 
1947 the total area covered by trees was less than 800 hectares, of 
which less than 20 per cent, as opposed to more than 50 per cent in 
every other county in Great Britain, was considered suitable for 
economic management. For this very low percentage of usable timber 
the above-average exposure and the higher percentage of gales ex- 
perienced in Caithness were mainly responsible. 

Until the Forestry Commission began planting at Rumster in 1948, 
the tree species used had been the native Scots pine, the European 
conifers—European larch and Norway spruce—and broadleaved 
species such as beech, ash and sycamore. Of these species only syca- 
more can withstand the rigorous climate without some kind of shelter. 
Thus sycamore is the species most often seen in the older woods and 
shelter strips throughout the area. Most of the recent planting, on the 
other hand, has been and is being done using Lodgepole pine (Pinus 
contorta) and Sitka spruce (Picea sitchensis), which are more exposure- 
resistant than the European conifers. 

The largest forest in the area is at Rumster, which lies to the north- 
west of Lybster. It covers 1379 hectares of which approximately 1200 
are planted. The southern part of the forest is mostly on soils of the 
Achavanich complex and deep peat, and the northern part is on deep 
peat with some soils of the Thurso and Olrig series. 
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In addition to Rumster Forest the Forestry Commission has established 
a number of shelter blocks, elongated to shelter neighbouring agricul- 
tural ground, but wide enough to allow trees to grow to timber size. 
Examples can be seen to the south of Castletown at Durran and Tister, 
on soils of the Olrig and Thurso series. 

Almost all the ‘mineral and organo-mineral soils being planted in 
Caithness today are poorly aerated and badly drained. Aeration is im- 
proved by spaced-furrow ploughing to a depth of 25 to 35 centimetres, 
the trees being planted on the upturned ridges. The furrows run up 
and down the slope, and drains 60 to 90 centimetres deep are ploughed 
just off the contour to catch the maximum amount of water and 
prevent scouring. 

Much less is known about establishing trees on deep peat, particularly 
as in Caithness where exposure is severe. Experimental blocks have 
therefore been laid out to examine drainage and nutrition problems, 
one such block being at Acharole, south of Loch Watten, and another 
lying about 3 kilometres to the south of Spital. 

At Dunnet, the Forestry Commission planted 123 hectares on soils 
of the Fraserburgh Association. Dune fixation as done at Culbin on 
the Moray Coast was attempted, but the stronger and colder winds 
of the north coast of Caithness continued to move the dunes and 
blast the young trees. About 100 hectares of young coniferous wood- 
land at Dunnet are browned every year by the severe north-west 
_ winds. In the south-east part of the plantation, however, the trees are 

beginning to reach thicket stage, illustrating the benefit of mutual 
shelter. 

Private planting in Caithness is currently restricted to the Langwell 
valley at Berriedale on shallow peat and on soils of the Berriedale 
series, and some shelterbelts such as those to the north of Spital on 
soils of the Thurso Association. 

Today, woodlands in the part of Caithness covered in this memoir 
amount to 24 per cent of the area. If exposure-resistant species are 
used in blocks sufficiently large to provide mutual shelter, this very 
small percentage could usefully be increased with benefit to agriculture, 
forestry, bird life and amenity. 
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APPENDIX I 

System of Soil Classification 
The system of classification used in this memoir is the one adopted by the 
Soil Survey of Scotland and is similar to that used in previous memoirs. 
Soil series with very similar profiles are assigned to the same major soil 
group and subgroup. Table I lists the series found in the area arranged in 
‘their appropriate major soil group and subgroup. 

The more important field properties of each major soil group and sub- 
group are given below. 


Major Soil Group: Calcareous Soils 


The calcareous soils are freely drained soils containing free calcium car- 
bonate throughout the profile. The content of free carbonate usually 
exceeds 5 per cent. 


SUBGROUP: BROWN CALCAREOUS SOILS 


In brown calcareous soils, the B horizon has a brighter colour than the A 
or C horizons but there is no morphological or chemical evidence -of 
translocated sesquioxides. . 


Major Soil Group: Brown Earths 


Brown earths have a uniformly coloured B horizon, a mull or moder 
humus formation and a moderately acid reaction. Ideally each horizon 
merges into the one below. 


SUBGROUP: BROWN FOREST SOILS 


The characteristic features of the brown forest soils are identical to those 
of the major soil group. 


Major Soil Group: Podzols 


Podzols have an H layer of raw humus, a grey bleached A, horizon and 
a strongly acid reaction. There is usually morphological and chemical 
evidence of translocation of sesquioxides. 


SUBGROUP: HUMUS—IRON PODZOLS 


The humus-iron podzols have a raw humus H horizon up to 10 centi- 
metres thick. Below the A, horizon there is a dark A/B horizon. The B, 
horizon is bright coloured and the B, horizon is paler and indurated. 


SUBGROUP: PODZOLS (CULTIVATED) 


This subgroup contains soils reclaimed from peaty podzols. An S hori-_ 
zon replaces the H and A horizons. Ani iron pan. (B, )s or me trace of 
one, is sometimes present. ; 
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SUBGROUP: SUBALPINE PODZOLS 


The subalpine podzols have a raw humus H horizon up to 10 centimetres 
thick. Below the A, horizon a dark A/B horizon overlies relatively un- 
weathered parent material. These soils are characteristically loose and 
stony. 


SUBGROUP: PEATY PODZOLS 

The peaty podzols have a raw humus H horizon up to 50 centimetres 
thick. The A, horizon is generally gleyed (A,g) and stained with organic 
matter. The B, horizon is a thin iron pan, often continuous, and is im- 
permeable to water and roots. The B, horizon, not always present, is 
bright coloured, the B, horizon is paler and indurated, and there is little 
or no evidence of gleying in either of these horizons. If the A,g horizon 
is well developed, the soils are sometimes termed peaty gleyed podzols. 


Major Soil Group: Surface-water Gleys 


Surface-water gleys are soils which exhibit strongly gleyed surface hori- 
zons, the intensity of gleying diminishing with depth. The soil colour 
inherited from the parent material is more apparent in the B,g and Cg 
horizons. 


SUBGROUP: NONCALCAREOUS GLEYS 


The noncalcareous gleys have no free calcium in the upper horizons of 
the profile, and there is little or no development of an H layer. 


SUBGROUP: PEATY GLEYS 


The peaty gleys have no free calcium in the upper horizons of the profile 
and there is an H horizon up to 50 centimetres thick with organic staining 
of the mineral horizon immediately below. 


Major Soil Group: Ground-water Gleys 


Ground-water gleys are soils which have developed under the influence 
of a high ground-water table. In these soils the effect of gleying increases 
with depth. 


SUBGROUP: CALCAREOUS GLEYS 


The calcareous gleys contain free calcium carbonate throughout the pro- 
file. 


SUBGROUP: NONCALCAREOUS GLEYS 


The noncalcareous gleys have no free calcium in the upper horizons of 
the profile and there is little or no development of an H layer. 
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Organic Soils 

Organic soils are formed under waterlogged conditions and contain very 
high amounts of organic matter down to an arbitrary specified depth. 
Peat is an organic soil which contains more than 60 per cent organic 
matter and, in this area, exceeds 50 centimetres in thickness. 


BLANKET PEAT 

Blanket peat is associated with areas of moderate to high rainfall, low 
mean annual temperature and high relative humidity. As the name im- 
plies, it forms a blanket over the landscape. There is little variation in the 
botanical composition of the peat with depth. 


BASIN AND VALLEY PEAT 


Basin and valley peat develops initially under the influence of ground- 
water in depressions or badly drained basins and channels. It shows a 
vegetation sequence which reflects the changing environmental conditions 
under which the deposit formed. 


APPENDIX II 
Definitions of Terms 


The standard terms used to describe soil profiles are mainly those pre- 
viously published in two handbooks (U.S. Dept. Agric., 1951; Soil Survey 
of Great Britain, 1960). 


Slope Classes 


The slope classes given below are based on those of the U.S. Soil Survey 
(U.S. Dept. Agric., 1951). 


Limits Slope Class 


lower 0° level 
upper '42-1'2° 


lower 42-1%2° gentle 
upper 3-414° 


lower 3-4 ° moderate 
upper 6—9° 
lower 6—9° moderately steep 


upper 12~17° 


lower 12—17° _ Steep 
upper 24—33° 
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Limits Slope Class - 


lower 24—33° - very steep 
no upper limit 


Horizon Nomenclature 


Typical soil horizons can be readily compared and contrasted if a symbol 
is assigned to each one. The symbols used in this memoir are L, F, H, 
A, S, B, C and D, and they are the same as those used in the previous 
memoirs of the Soil Survey of Scotland. 


L a superficial layer of relatively undecomposed plant litter. 

F a superficial layer of partially decomposed litter with recog- 
nizable plant remains. 

H a superficial layer of decomposed organic matter with few or 


no recognizable plant remains. 


The L, F and H layers are subdivisions of the surface organic matter. 

The A horizon; the upper mineral horizon, is the horizon of maximum 
biological activity and the horizon most subject to the direct influence of 
climate, plants and animals. 

The S horizon is the surface horizon of a soil which has been cultivated. 

The B horizon lies between the A and the C horizons; it is characterized 
either by a relatively high content of sesquioxides.or clay or by a more or 
less blocky or prismatic structure; quite often there are accessory charac- 
teristics such as a high chroma. 

The C horizon is the parent material from which the soil has been 
developed. 

The D horizon is the rock from which the C horizon has been formed, 
or a stratum of material not related to the C horizon. 

When a horizon has gleying its symbol is modified by the addition of 
(g) for weak to moderate gleying, for example A,(g), and g for strong 
gleying, for example A,g. 


HORIZON NOMENCLATURE OF THE MAJOR SOIL SUBGROUPS 


Brown Calcareous Soil 


L undecomposed plant litter. 
A mixed mineral and organic layer. 
B higher colour value than A. 
Cc the relatively unweathered parent material. 
Brown Forest Soil 
L undecomposed plant litter. 
F partially decomposed litter. 
H trace of decomposed organic matter—may be abéeiits 
A brown colour with moderate organic matter, moder type; no 


differentiation into A, or A,. 
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B, 
B; 


Cc 


higher chroma and value than the A horizon; relative enrich- 
ment of free sesquioxides. 

lower chroma than the B, horizon and nearer to the colour of 
the parent material; can be indurated. 

the relatively unweathered parent material. 


Aumus-Iron Podzol 


L undecomposed plant litter. 
F partially decomposed litter. 
H decomposed organic matter—dark brown or black raw humus, 
usually less than 10 centimetres thick. 
Ay the uppermost mineral layer, dark organic matter mixed with 
mineral matter, relatively rich in silica. 
A, a layer immediately below A,, containing less organic matter, 
brown in colour and rich in silica. 
A/B _ a layer of organic enrichment, dark reddish brown in colour. 
B, higher chroma than A or C horizons; relative enrichment of 
sesquioxides. 
B, lower chroma than B,; shows some relative enrichment of free 
sesquioxides; can be indurated. 
Cc the relatively unweathered parent material. 
Subalpine Podzol 
L undecomposed plant litter. 
F partially decomposed plant litter. 
H decomposed organic matter. 
A, the uppermost mineral layer, dark organic matter mixed with 
mineral matter, relatively rich in silica. 
A, low in organic matter, rich in silica. 
A/B — alayer of organic enrichment, dark reddish brown in colour. 
B/C _ the relatively unweathered parent material. 


Peaty Podzol (Peaty Gleyed Podzol with thin iron pan) 


L 
F 


Aig 


B, 


undecomposed plant litter. 

partially decomposed litter. 

decomposed organic matter—dark reddish brown or black raw 
humus usually greater than 5 centimetres thick. 

the uppermost mineral layer, dark organic matter mixed with 
mineral matter, relatively rich in silica. : 

brown or pale brown, humus stained, low in organic matter, 

rich in silica; weak structure; a concentration of roots can be 
present at the bottom of this layer and they can be partially 
decomposed. 

a thin iron pan about 2 millimetres thick; maximum enrichment 
of sesquioxides; often continuous, impenetrable to roots, and 
forming an effective barrier to- vertical water movement down 
the profile. 


172 The soils of the country round Wick 
B, higher chroma than A or C horizons; relative enrichment of 
free sesquioxides. 
B, lower chroma than B,; shows some relative enrichment of free 
sesquioxides; can be indurated with strong platy structure. 
Cc the relatively unweathered parent material. 
Cultivated Podzol 


The horizon nomenclature of the cultivated podzols is similar to that of 
the peaty podzols, except that the horizons above the B,, B, or B; hori- 
zons are replaced by an S horizon. 


Noncatcareous Gley (Noncalcareous Surface- water Gley) 


Cg 


N.B. 


undecomposed plant litter. 

partially decomposed litter. 

trace of decomposed organic matter—often absent. 

mixed mineral-organic layer; some ochreous mottling associated 
with roots; weak structure. 

pale-coloured mineral layer, low in organic matter; structure 
weak; can be some ochreous mottling. 

well-defined blocky or prismatic structure; peds coated with 
grey, ochreous and grey mottles within. 

less well-defined blocky or prismatic structure; peds coated 
with grey, ochreous and grey mottles within. 

original colour of the parent material more apparent; more 
massive, although peds may still have grey coatings and 
ochreous and grey mottles within. 


In the majority of noncalcareous gleys in this area an S horizon 


overlies the B,g horizon. 


Calcareous Gley (Calcareous Ground-water Gley) 


L undecomposed plant litter, commonly only a trace. 

F partially decomposed litter, commonly only a trace. 

H decomposed organic matter, can be absent. 

A dark brown mixed mineral-organic layer; weak structure, fri- 
able; usually calcareous. 

B(g) pale brown with few coarse mottles; weak structure, friable or 
loose; calcareous. 

Cg brownish grey, strongly mottled; weak structure, friable or 
loose; calcareous; wet. 

Cg grey, no mottles; weak structure, friable or loose; calcareous; 
wet. , 

Peaty Gley 

L undecomposed plant litter. 

F. partially decomposed litter. 

H 


black decomposed organic matter usually more than 5 centi- 
metres thick. . 
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Ag mixed organic and mineral layer; a little ochreous mottling 
associated with roots; weak structure. 

A,g brown or pale brown, humus stained; low organic matter; 
weak structure. 

B,g grey and ochreous mottling; moderate blocky or prismatic 
structure. 

B;g grey and ochreous mottling but original colour of parent mater- 
ial more apparent; structure less well developed. 

Cg grey or greyish brown, original colour of parent material 
apparent, some ochreous mottling; structure more massive. 


Drainage Class 


Drainage class is assessed from the profile morphology. In general, freely 
drained soils have uniformly coloured B horizons of high chroma while 
poorly drained soils have B horizons with mottles of high and low chroma. 
Mottling, especially grey mottling, is considered to be evidence of gleying. 

The main characteristics of each class are given below, but precise 
descriptions are possible only with individual series. 


EXCESSIVE 


The soil horizons are much shallower than is normal and the B horizons 
have high chroma and uniform colour. In this area this type of profile is 
only of small extent and has not been shown on the soil map. 


FREE 


The B horizons have uniform colours of high chroma; soils with B hori- 
zons having colours of slightly lower chroma and only a small number of 
mottles are included in this class. 


IMPERFECT 


The B horizons have colours of lower chroma than those of the well- 
drained soils and appreciable mottling is present. They are designated 
B,(g), B;(g), etc., to indicate a moderate amount of gleying. 


POOR 
The Bg horizons have strong mottling of low and high chroma. 


VERY POOR 


The Bg horizons have colours of low chroma and some mottling of high 
chroma. In this area soils with very poor natural drainage are of small 
extent and occur in patches too small to show on the soil map. 
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Colour 


Soil colours are assessed by reference to the internationally used Munsell 
Soil Color Charts (Munsell Color Co. Inc., 1954). This system describes 
colour in terms of hue, value and chroma. Hue refers to the dominant 
spectral colour, e.g. red or yellow; value refers to the apparent lightness 
of the colour as compared with absolute white; and chroma indicates the 
relative purity of the hue, or, alternatively, the apparent departure from 
neutral greys or white. Each colour on the chart is designated by a stan- 
dard name and a notation giving, in order, hue, value and chroma; for 
instance, the standard name pale brown has a notation 10YR6/3, the hue 
being 10YR, the value 6 and the chroma 3. 


Mottling z 

Mottling is described by colour and pattern.-Colour is usually assessed 
from the Munsell Color Charts, but a general descriptive term ‘ochreous’ 
is sometimes used to denote different shades of brown. Pattern is des- 
cribed in the following terms. 


ABUNDANCE 
few —< 2% of surface. 
frequent— 2—20% of surface. 
many —>20% of surface. 
SIZE 
fine —<5 mm. 


medium—5—15 mm. 
coarse —>15 mm. 


CONTRAST 
faint —hue and chroma of matrix closely related. 
distinct | —matrix and mottles vary 1—2 units in hue and several units 


in value and chroma. 
prominent —matrix and mottles vary several units in hue, value and 
chroma. 
These terms are combined in the order in which they are given above, 
e.g. few, fine, distinct, ochreous mottles. 


Texture 


Soil texture is the relative proportions of the various size groups of 
primary particles; it refers specifically to the proportion of sand, silt and 
clay in that part of a soil which passes through a 2-millimetre sieve. The 
amounts of sand, silt and clay are determined by mechanical analysis. 
Two schemes of grain size limits are used, the U.S.D.A. and the Inter- 
national Schemes. 
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U.S.D.A. Scheme International Scheme 
Effective Effective 
Diameter Diameter 
Name of Separate (range) u Fraction (range) p 
very coarsesand 2000-1000 
coarse sand 1000-500 coarse sand 2000-200 
sand < medium sand 500-250 S49@( fine sand 200-20 
fine sand 250-100 silt 20-2 
very fine sand 100-50 clay <2 
silt : 50-2 
clay <2 


TEXTURAL CLASS NAMES 

Textural class names are ascertained from a triangular diagram (Fig. 28) 
used in conjunction with the U.S.D.A. scheme. In field descriptions 
textural class names are assessed by the feel of the moist material. 


100, 


PET NG 
WII 
Oot 


WAVAS 
NS AVANAV ETA 


100 90 80 70 60 
PERCENT te 


Fic. 28 Percentages of Clay, Silt and Sand in the Basic Soil Textural Classes 
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The presence of particles larger than 2 millimetres can be indicated by 
additional descriptive terms such as stony, gravelly, etc. 

General terms, distinguishing broad groups of textural classes in 
three classes and in five (U.S. Dept. Agric., 1951), are shown below. 


General terms Basic terms 
: . sands 
sandy soils coarse-textured soils { 
' loamy sands 


moderately coarse-textured soils sandy loams 
loams 

silt loams 
silts 


| 
| 


medium-textured soils 


loamy soils 


sandy clay loams 
silty clay loams 
sandy clays 

silty clays 

clays 


moderately fine-textured soils 


clayey soils fine-textured soils 


Structure 


The structure of a soil is the aggregation of its primary soil particles 
into compound units or peds, which are largely independent of each 
other. Field descriptions of soil structure record the type, class and 
grade of the peds. The terms used (U.S. Dept. Agric., 1951) are 
defined below, and Table 1 shows the relationships between the 
various classes and types. 
Type describes the shape and arrangement of the peds, and there 
are four main kinds. 
platelike —one dimension, the vertical, much less than the other 
two. 
prismlike —two dimensions (horizontal) much less than the vertical. 
blocklike —three dimensions of the same order of magnitude but 
having plane or curved surfaces that are casts of the 
moulds formed by the faces of surrounding peds. 
spheroidal —three dimensions of the same order of magnitude, 
having plane or curved surfaces which have slight or 
no accommodation to the faces of surrounding peds. 
Each of the last three types has two subtypes, namely, prismatic 
(without rounded caps) and columnar (with rounded caps); angular 
blocky (with relatively sharp angles) and subangular blocky (with 
rounded faces); and granular (relatively nonporous) and crumb 
(porous). 
Class designates the size of the aggregates, five being recognized 
for each type. The terms used are very fine, fine, medium, coarse, 
very coarse. 
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Grade of structure is the degree of aggregation and expresses the 
differential between cohesion within the aggregates and adhesion 
between the aggregates. In practice, grade is determined mainly by 
noting the durability of the aggregates and the ratio of aggregated 
material to unaggregated when the aggregates are gently displaced or 
crushed. The following terms are used. 

weak —units barely observable ‘in situ’; when disturbed the soil 

material breaks into a mixture of a few unbroken units and 
many broken with much unaggregated material. 

‘moderate—well-formed units, but not distinct in undisturbed soil; 

when disturbed there are many unbroken units, some 
broken units and a little unaggregated material. 

strong —well-formed units, distinct in undisturbed soil; adhere only 

slightly to one another; when disturbed consist of entire 

units with few broken and very little unaggregated material. 

__ When a soil horizon shows no structure it is termed structureless 
.-and can be either single-grain (if noncoherent) or massive (if coherent). 

Terms describing each of the three qualities are combined to give 
the structural description, grade first, then class and finally type, 
e.g. strong, coarse, prismatic. 


Consistence 


Soil consistence is a quality of soil material which is expressed by the 
degree of cohesion or adhesion and is meastired by the resistance of 
soil material to deformation or rupture. As consistence is strongly 
influenced by the moisture condition of the soil there are a series of 
terms for each significant moisture state (U.S. Dept. Agric., 1951). 


CONSISTENCE WHEN WET 


To evaluate, attempt to roll a mass of soil between thumb and fore- 
finger. 


nonplastic —no wire formable, 
slightly plastic—wire formable and soil mass easily deformed. 
plastic —wire formable and moderate pressure required: to 
, deform soil mass. 
« very plastic —wire formable and much pressure deeuiied to 


deform soil mass. 


CONSISTENCE WHEN MOIST : 
To evaluate, attempt to crush a mass in the hand. 


loose, —noncoherent. 

friable —soil material crushes under very ‘gentle. ‘pressure but 
. coheres when pressed together. 

firm —soil material crushes under moderate pressure between 


: thumb and forefinger, but resistance distinctly noticeable. 
very firm—soil ‘material crushes only under strong pressure; some- 
times not crushable between thumb and forefinger. 
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-~CONSISTENCE ‘WHEN DRY 
To evaluate, attempt to break a mass in the hand. 


loose —noncoherent. 

soft _-—breaks to powder or individual grains under very slight 
pressure. 

hard —can be broken eaaity in the hands but only with difficulty 


between thumb and forefinger. 
very hard—can normally be broken in the hands, but only with 
difficulty. 
In Scotland, soil horizons are usually either wet or moist. 


Induration 


Soil horizons which are compact and brittle, that is the material 
under pressure breaks suddenly and without deformation, are termed 
indurated. Induration, unlike consistence, appears not to be markedly 
affected by moisture content. Three terms are used to describe the 
degree of induration. 

weak —slightly brittle, mass breaks easily in the hand; hardness 

not usually detected when digging. 
_moderate—brittle, mass breaks in the hand under moderate pressure; 
hardness detected when digging. 
strong —mass not readily broken in the hand under‘ pressure; 
difficult to dig because of hardness. 


Organic Matter | 


Organic matter occurs either.as a mixture with mineral material or as 
a surface accumulation and is described quantitatively and qualitatively. 
In profile descriptions the amount present in each horizon is estimated. 
A horizon containing more than 20 per cent organic matter is considered 
an organic horizon, and one containing less than 20 per cent organic 
matter is considered a mineral horizon. The amounts of organic 
matter in mineral horizons are usually indicated by the following 
‘standard terms (Soil Survey of Great Britain, 1960). 
very high—-13-—20% 


high — 8-13% 
moderate— 3-8% : 
low — <3% 


There are three. principal pen of humus, namely mull, moder 
(silicate moder) and raw humus. Mull is an intimate mixture of mineral 
and organic matter in the A horizon, with the constituent parts indis- 
tinguishable by means of a lens. Silicate moder has an appearance 
similar to’ mull, but its. constituent organic. and mineral parts can be 
identified by the use of a good lens. The third type, raw humus or 
mor, is usually found where there are well-developed L, F and H 
layers. There is no intimate mixing of organic and mineral parts, the 
two remaining obviously distinct. The H layer itself has a very low 
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mineral content. It should be noted that the terms mull, moder and 
raw humus are used in accordance with Kubiena (1953). 
The structural properties of organic surface horizons are defined in 
the following terms:, 
fibrous —plant remains easily recognizable, original structure 
and..some of the mechanical strength of plant 
materials maintained. 
pseudofibrous—plant remains recognizable but fibrous in appearance 
only; when moist, peat is soft and Plastic i in character. 
amorphous —absence of recognizable plant remains. 
The degree of humification of organic surface horizons and in peat 
is given by reference to the von Post scale (von Post and Granlund, 
1926). 


SLIGHTLY HUMIFIED PEAT 


H1 —completely undecomposed peat, free of amorphous material; 
on squeezing, clear colourless water is pressed out. 

H2 —nearly undecomposed peat, free of amorphous material, 
yielding only yellowish brown water on pressing. 

H3 —very slightly decomposed peat, containing a little amorphous 
material; on squeezing, muddy brown water but no peat 
passes between the fingers; residue is not pasty. 

H4 —slightly decomposed peat, containing some amorphous material; 
strongly muddy brown water but no peat passes between the 
fingers; residue is somewhat pasty. 

HS —moderately decomposed peat containing a fair amount of 
amorphous material; plant structure recognizable though 
somewhat vague; on squeezing, some peat but mainly muddy 
water issues; residue is strongly pasty. 


MEDIUM HUMIFIED PEAT 


H6 —moderately decomposed peat with a fair amount of amorphous 
material and indistinct plant structure. On pressing, about 
one third of the peat passes between the fingers; residue is 
strongly pasty, but shows the plant structure more distinctly 
than in unsqueezed peat. 

H7 —strongly decomposed peat with much amorphous material and 
faintly recognizable plant structure; on squeezing about one 
half of the peat. is extruded; the water is very dark. in colour. 


STRONGLY HUMIFIED PEAT 


H8 —strongly decomposed peat with more amorphous material 
and very indistinct plant structure; on squeezing two thirds 
of the peat and some water passes between the fingers; 
residue consists of plant tissues capable of ESIsune de- 
composition. 
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H9 —practically fully decomposed peat with almost no recognizable 
plant structure; nearly all the peat squeezed between fingers 
as a uniform paste. : 
H10—completely decomposed peat with no discernible plant struct- 
ure; On squeezing, all the peat, without water, passes between 
the fingers. 


Roots 


The quantity, size and nature of roots is estimated from a clean-cut 
area of profile surface 30 centimetres. square. Quantity is expressed as 
few (<10), frequent (10-100), many (>100); size ranges from fine 
(<1 mm diameter) to very large (>30 mm diameter); nature is termed 
woody, fibrous or fleshy. 


Stones 


An estimate is made of the percentage stones in a horizon and the 
stoniness is expressed in the following terms. 

few —<5% by volume 

frequent—5—25% by volume 

many —>25% by volume © 
A brief description is normally given of the shapes and sizes of the 
stones and, where possible, of their geological nature. 


Horizon Boundaries and Thickness of Horizons 


Boundaries between horizons differ in distinctness and regularity. The 
terms used to describe distinctness are based on the width of the 
boundary and are given below. 

sharp —<3 cm 

clear —3-6 cm 

gradual—6-13 cm 

diffuse —>13 cm 

For each horizon, the average distances from the top of the mineral 
soil to the upper and lower boundaries and are measured in centimetres. 
With peat, however, depths are measured from the land surface. 


“UsPPIW pue § 
ul 1da0x9 °O%q [e}0} 


pue uoneinjes % ‘EN, 
‘ed Ys, “INcYysnomM} 
qusJUOS ABD MOT AIBA 

‘pue pues ysiy AISA 


MOF ‘HOYsnoIy) Wd 


g28dda 
SCOOZZZ 


7FRaad 
t-OZZZ. 


= Nw 
a i a 


“‘jynoysnosy) 

°O%d [e101 MOT "H{ MO] 
-9q YI MOT “suozri0oy dD 
UI EN USI ‘NoYysnoiy) 
: Hd pure uoneinjes 
UY SBD YSIH ‘nNoysnoiy) 
yUa}UOd ARID MOT 

_ AIDA pue pues YsIYy AIDA, 


The soils of the country round Wick 


syreway 


Ili XIGNaddV 


182 


ansgsda 


5O'd [B10L 
‘8 001/'3W 


U2BOININ % 


CSOSZZZ 


AMAAAAG 
NACOZZZ 


UOQIED % 


LL. 9-8 T-0> 67-0 88-0 LO-IE I I> € L6 
cL .1-8 T-0> 81:0 2-0  I10-T “€S-0r 9 v 6 L8 
O-L =1-8— T-0> @IzO €€-0° O00-I O1-9€ if I> I 66 
69 LL 1-0> 60-0 67-0 76-0 60-€€ if I> if 66 
£9 8L T-0> 71-0 97-0 § 68-0 SI-TE if I> r4 86 
€-9 OL. 1-0> 7-0 8€-0 ~S6-1  0€-69 S$ I> 8 % 
Sallag yBinqiesely ‘NOILVIOOSS¥ HOUNAUAS 
CL. -E8 1-0> %-O> LZ-0 S8-1 IE-ZE I> 00! 
ZL BL 1-0> Z0-0> €€:0 62:1 79-£€ I> 86 
O-L 0-8 1-0> 20-0> 97-0 Ib-I 2@1-2€ I> 86 
6-9 -0-8 1-0> 20-0> SZ7-0  6I-I IE£-ZE I> 66 
£9 78 1-0> 720-0> 61:0 8-0 87-€Z i> 86 
9-9 S-L 1-0> 20-O> Z1-0 60-1 €£-81 I 96 
£9 SL 1:0> 91-0 €1-0 OFZ IZ I> 56 
salag ysinqiesesy ‘NOLLVIOOSSV HOUNEYASVas 
; Gc Cc 
: Lf pe “a Sao Se 
‘To!eoO OCH ZF H 2% WN 3W 2 er aS Ce ee, 
7 ee s@ ¢ Uf VE 
9) ae! BEd > 3 
€ a Poy EE. apeie SPee 
8 
Hd g ‘300I/a°W sayeredag 
suones 2[qeasueyoxg [los 


80=0 


v-vt 
6-TI 


I-11 
£-01 
1-71 


6-LT 


Arar OS 
WN eH KH KNN 


uous] 
UO SSO'T % 


pTI—-vll 


COI—p6 9=USppru 


6L—69 
I9—Is 
€€—€7 
£I—-€ 


cZI-7IT 
98—9L 


wo yideq 


STIOS SNOAAVITVI NMOUG “TATEVL 


BBG [BIDA[eUY psepuLjsS 


iIemo0o0v0 namovo 


u0ozHOH 


183 


*ynoysnoiys °O*d 

1210} MoT “nNoYysNosy} 
Hd pue uoresnjes o% 
Yai ‘NoysnoIy} YJ MOT 
*(Aeids yes) noysnoIYyy 

. BN pue eD-YysiH “INO 
-YSNOIYI JUIIUOD ABTS MO] 
AJOA pue pues YSIYy AIA 


€@ 
81 
x4 
| 


WOaNN 


\o 0.0 © 


-— NNT 
CO 00 00 CO 


ool 
ool 
00! 
OOI 


L7-t  €8- 9S 
8€-1 98-0b 
9V-T T€-tP 
8€-T 9S-Le 


86 
86 
86 
86 


I> 
I> 
I> 
I> 


NANN 


I> 
I> 
I> 
I> 


OO00 


Appendices 


[0g 1239124S ‘NOILVIDOSSV HOUNAYAS Vat 


184 


The soils of the country round Wick 


“g pure § ul Hd MoT 
*‘jnoysno1y} uoTeINyes : 


% MOT“ Durydaoxa = LZI ‘UN “CN O-F I-6 $8 ZE O10 60:0 TIO SI-O0> £9 8 61 97 S$ 8-2 vI—-vil se) 

SMOG YM MOT"'D 9Z1 ‘aN “CN P-b 7S 6-11 $:0 £€0:0 70-0 720-0> SI-0> £8 ral iS 4 SL $2 =—96—-98 'D 

Ul eN MOT “NOYsNoIy = AZT ‘aN “CGN OH ZS 8-01 9:0 7-0 S0:0 70-0> SI-0> 68 8 € Il 98 O-@ I9-IS ‘g 

BW pue ed MoT "'D pure pit ZI-0 8«=689-T 6E 64% OS FS LO-0 11-0 OF-0 SI-0> L9 vl LI <4 Lg @-b «Tb -08 ‘g 

*q Ul jus}UO ABP) MOT ZIZ 97-0 Ef: 8-E€ 6b TS T-IT €2-0 €1:0 7-0 SI-0> €9 (<4 IT te vS -8 OC—OF S 
satias yesun ‘NOLLVIOOSSV NAHOIULS $ 


*‘ynoysnosy) 
Hd pue uoneimes 
% MOT *?g Ul 3B MOT 


‘NOYysNoIY] VD MOT 867 ‘ON ‘GN 9-6 6-6 62 PLI O1-0 61:0 2-0 SI-0> 9 6 cl st 8S 1-6 9€—-S7 @ 
"V UL UEIUOD AEP MOT SIZ 8€-0 68-7 bb 8h €-1 S-I10I S€-0 2-0 69:0 St-0> OL LI. 8 8t 6b L-O1 SIS Vv 
Boe es. SS eee se 
saliag [Joasue’] ‘NOLLVIOOSSV ATVGsIdadd ¥ 
3 3 Ie oOH f HB x NWN %& © fF. Bf # oe ne 

ce 60S £ n ae 84 OQ ow oS -S oa 

EL 2 9 z a" £ > 7 >a BE Bg 8 

syreulay 78 9° s Fy Eg = 8 

so =A 
-s $ 3 Hd co} 300] /'2'wW soyeredag °g 5 2 
suones o1qQeosueyoxy [!0S 


a 


STIOS LSHYOANMONA “CATAVL 


185 


Appendices 


‘O-ul 
°O'd [2101 ysty ing %W Ut 
5Q*q [e101 mo7T *£g aaoge 

Hd mo7T “ynoysnoiy) 
UONEINIES % MOT “VY 
MO[AQ Y MOT “D UI BN] MOT 


‘HULEN USIH “H MOTAQ «GEE ‘aN “GN 74 7S 9-1 6:9 £0:0 €0:0 $0:0 SI-0> 88 9 9 SI 6L 9-€ IL-19 2) 
BW MOT "INOYsNoIy) §=—_EEZ ‘aN ‘GN J-b OS G-I S-€1 €0:0 60:0 60:0 SI-0> £6 L I> at 68 8-9 Ip—0€ ‘q 
BD MOTD Ul UayU0D «Bp ‘aN “GN 8-€ 6-46 9-1 LZ 80:0 €1:0 $70 ST:0> 16 6 I> el 48 «8-01 =6€@—-€1 a/V 
Aep mop ‘'qpued/v‘'v 1s = LI-0 «-10-€ SS-E hh 8S) «L-8 «OO STO) «682-0 ST-0> £8 St 2 7 26 OL SS COTO ty 
UI JUDJUOS ABI MOT LIZA EHZ 79-0 9E-bT bE Hb I-01 I-L4@ $S-0 LEO 8€-I 08:0 “G'N ‘C’'N ‘G'N ‘G’N ‘C’N S$-9% 0-8 H 
SAVE S]JaMssajquNnod ‘NOILWVIOOSSV STTAMSSALNNOD 8 
‘NOYSNOIY UONINILS Of 
MOT *§ Ul y pure BV MO] 
“noYysNoIy) 2D MOT "NO = 701 90:0 PI-l Sb 9S LZ 6:9 7-0> 60:0 60:0 SI-0> 8 ol 9 ST 6L 0-4 Of-€@ ‘a 
“Ysnosy) Wood AB}D MOT —_ENZ 9€-0 9-9 Tb IS €-b L-bl 71-0 61:0 S€-0 ST-0> €9 €? 8 o£ OS Il SsI-s S 
sallag sdres9swrey ‘NOLLVIOOSSV ATVGsaIa aad ‘L 
‘97/' gq soddn pue 
‘qur*O'd|e101 MOT 'S EIT ‘UN ‘GUN Lb 1S 8:€% 6:6 720 91:0 96-1 LOT 98 144 07 8t te 869-%) (O8-9L «Os 
ULUONBINIES % MOT SUI CL ‘GN (CGN 8-6 I-$ 7-89 ZI 17-0 t1:0 9L:0 9-1 SS SZ 0z Se Sp 6 8:%) «(98-9 )=—O/* 
BN YBIH “§ MOJPAQ BD MOT 19 ‘GN (“GN L-b TS 8-62 8-7 [7-0 If-0 €-0 160 £9 (44 st St OS Of £&—-EZ ‘@ 
“SUI qUa}UOD ARP MOT OFT Or-0 «6IS-b 8-b 2S LS TB €€:0 L270 60 -€ Sv 6 tv ve 66:8 (SI-S S 
satlag sdressswey ‘NOLLVIDOSSV A1VGsIadad 9 


STOZGOd ‘PA TEVL 


186 


The soils of the country round Wick 


“‘noysnoIy) Y MOT 

“S Ul SA] YSTH *q ut 

BD MOT “NoysNoIYy) 69] 1-0 8 $:9% ‘0-b €0:0 90:0 Sb-O0 {6:0 06 6 I ial 
WUIJUOD ARID MOT EEZ 7:0 «8 £92 7b 80:0 LI-O SS-9 88-9 6L oI ¢ cE 


(aseyd moy]eys) savas Jaisqiig ‘NOLLVIOOSSV OSUNH.L ‘Ol 
"MOT BSTMIOYIO 
“Sul Od 12103 Ys 
“‘O.urHd Moy ‘fg 
pue ‘gq ul uoneinjes 
% MOT “D Ul 
BN Joj 1daoxe § Mojaq 

saseq a1qeasueyo : : 

“XO MOT 'SULREN CL ‘ON ‘GN b+ 6-+ I-9T 0-1 40-0 40:0 90-0 SI-0> 2g 6 € €l v8 8° 16-18 e) 
43IH 'S Mofaq jue} ZL ‘ON "GN S$-¥ 0S 6-1 O-T 20-0>£€0-0> 20-0> SI-0> 06 8 I cl 48 8-1 8 9S—€p ‘g 
“UO0d AB[D MOT AIBA 8B 90:0 0L:0 Sb £5 6-1 I-% 2-0>0-0 %-0> SI-0> % > £ 9 16 6:2 £€€-€2 ‘@ 

pure jua}u0d pues YsIH OSE €8-0 I€-8 bb LS 9-LE 9-FI 91-0 67-0 16:0 2-2 7 81 L 0€ os 9-L4I SI-s s 
satiag AresjeH ‘NOLLVIOOSSV NOL TSIHS 6 
G Cc 
. ‘ ee se ss 8 ns we 
g2 8 gs WP OH = H 4 YN BW PD Be 2 0 ba ue Ge. ~y e 
BL 62 fe) & “gp "RS 2 $7 524 Se 3 2 
syreway NS ef 5 5 ; 7 ES > 5 
~ B A} S: 2 (se ° 3 
Or $ = Hd g ‘3001 /o°W sayeredag _ Be) 3 = 
suoned ajqeadueyoxgq oS 


_—_——__-_- rw eee 


panuljuor—s[ozpod ‘vy ATAVL 


187 


Appendices 


tg 
Ul £O'd [2101 MOT 'S 
ut Yd pure uoneinjes 
% YStH *£q ut idaoxe 


AMT noysnoyy 691 “G'N ‘CN S-p 8-S I-Lp 7-27 $0-0 1-0 €1-1 9:0 68 6 z €l $8 6-€ I8-IkL a 
MOTesimioyzo ‘SUE ZIT = “UN UN S-h OLS 8h 9-1 «20-0> 60:0 bL-0 99:0 O08 SI § 8 LL OE T9-1S O/'E 
eOusIH ‘apued/‘g €9 11-0 II-I bb 0-9 1-85 1-2 b1-0 ZI-0 LOT Ls-I S9 2 fF TE SS 8-€ OF—-02% ‘g 
‘Sul qUa}UOD AR} MOT OFZ O£-0 IES 8S L:9 $-96 8-0 80:0 2-0 IS-b €7-81 8L 81 + Se 8S TTSCEI-€ s 
(aseyd ayetpautiajuy) sates 103SqIId ‘NOLLVIOOSSV OSUNHL “El 
*§ MOTAq 
°Q'd [e101 MOT“ ; 
UL UOITEINILS % MOT 86 ‘UN ON G6 £ ZS I-1Z T'S 0-0 80:0 SO-I -81-°0 7% 9% @%. SE: & ZE. 98-92 O/'8 
“fq uleN pue sw = 76 ‘aN “CQUN 6£ ¥-S 9-02 I-p 70-0 10:0 46:0 Si-0> © $2 12 S8€ WwW 7ZE w-es D/H 
MOT 'SULPN YZIH "S 7% 60:0 1 I-b 9S 9-6 €-6 70-0> 10:0 60:0 81:0 66 €% 9 1€ I vb Iv-O€ ‘a 
MOPAG A PUB MOT BET 16-0 HB HH LS TE TSI PIO 97-0 Eyl OES th 62 EL th 6% L-8I1 8I-sS Ss 
(aseyd ayerpautiazuy) Setag Jaisqiid ‘“NOILWIOOSSV OSUNHL ral 
*SQ*q B10). a 
yay pue BN YsIH 
“uaquod ABD MOT OZE LS-0 £E-6 “S-P LS L-Lp O-v1 €7-0 06-0 Iphh 88:2 SS £ 6£ Ov 8-81. €I-€ Ss 
(aseyd mojjeys) sarag Jaisqiig ‘NOLLVIOOSSV OSYNHL aes 


The soils of the country round Wick 


188 


>8 GN ‘GN 6S @9 1-8 $-€ O10 SIO 2:0 78-€ €9 (a6 ST 6£ 9 67 66-68 e) 
‘DasmolulsO’d 701 ‘UN “CN €-S @:9 8-66 Zh 60:0 €£1:0 729-0 PEE 65 76 Ll ve 6b O-f = hL—-99 2) 
[2}0} MOT "D MO] ETT ‘GN ‘GN ¥-S 1:9 €-9h 8-p 80:0 71-0 96-0 E-€ 79 €Z SI ve Ig 9-€ £€S—€P ‘g 
ur ydaoxa § MOT9q OFT 80:0 2-1 pS 9-9 79P £€-9 80:0 91-0 95-0 LS-r FI €7 v1 €€ Ig Ly O€-02 ‘g 
AMOT'SURD URI p8Z 9p-0 PLS 1-5 79 8:9 SL €1-0 €7-0 ZE-T 99-II ss 87 ie! Sp 8 7@-2I sI-s s 
(eseyd oye1pourzojuy) satzag saISqIIg ‘NOLLWIOOSSV OSUNHL “ST 
*S Mopeq §O'd 
]#10} MOT *' g ur 
MMOT'SureN YsIH 08 ‘GN “CGN S$-¥ 8-5 7LS 6-7 8I:0 7-0 0 64:27 65 (<4 61 te OS Of Is-tp o/'a 
*§ MOPAG BD MOT 18 11-0 =6oTT-T 66-6 6©0-9 L276 OS 60:0 €1:0 vE-0 S8-I ve oT or SZ $9 7-€ O€-€7 ‘g 
"§ Ul Ud] ABP MOT ZLT L4€-0 6-6 8b 8S 8h 9-6 LI-0 7-0 Let 90-4 99 07 6 €€ €&$ 9-6 Si-s S 
(eseyd ayetpourzaquy) sattag Joysatig ‘NOILVIDOSSW OSUNHL ‘vl 
c Cc 
Sim & & 
a cS 12D O'H e 3 ea So FS F wns we 

of = & pou 4 IN N88 Fe 2 be bP gk gg 

eS 9 2 a "7 << pT pa BoD yg g 

syreulay 3 Fi = 5 ; a > iS 

a ° Ss: gs 
oe 3 5 Hd 8 ‘3 QQ1/(o°w soveredag "sg I 2 
SUOED a]quesuLYyoxg [tos 


panuljuoo—sjozpod  ‘y ATAVL 


"(9 Jomo] UL SO'd 
[#10] UINIpew) S MoO[aq 


189 


‘O'd(eIOIMOT"SUIEN SOL ‘GN ‘CN bb O-S 7-79 O-1 FI-0 O10 9€:0 90-1 8 OF 9 1 €L 6-1 2-2 ) 
USIH “(2 FOMOT UI BIN 86 ‘IN ‘GN 6h O-S 8-85 6:0 1:0 80:0 LI-0 16:0 48 8 S 6t 9L S-1 96-98 2) 
wnIpaul) § Mo[aq BI 76 ‘UN ‘GN OS IS Z@SL 4-0 ST-0 O10 67:0 19:0 €8 II 9 OL I-2 vL-¥9 O/'a 

puke 8D MOT “‘INoysnoIys $8 ‘UN ‘GN 8-6 OS €-82 €-€ 21-0 11-0 91-0 16:0 [8 O1 6 Of IL v-€ O€~€2 g 

wauod AR MOT EET 9F-0 8E-8 6h 7S 8-OP E-bT 98:0 bEO Sh LIL $9 Of 9 Wh Oh T-Lt St-s Ss 
(aseyd daaq) sariag Joisqqid ‘NOILLVIOOSSW OSUNHL SI 

‘wiaddn co ‘UN “GN $-S 8S 9-Ib beL 127-0 €€:0 ZIT 65-€ 7% vv @% 6€ LE @r I8-lL a 

moje 'O'd [e301 MOT 19 ‘UN "GN €-S 8-5 9-5 $-€ (2-0 67-0 LET th? 09 @ OO TE IS “Le 19-1 @&a 

(8)' gq ut adaoxa eN y3IH GP ‘UN ‘GN 8-4 9S S61 8S 81:0 61:0 OS-:0 0 7 @ vl €€ IS 9b €Ep-9E (8) 
*(8)q seddn pur (3)'q 86 87-0 £9-h 8 pS G6 PZ E-Il IE-0 2-0 10-1 10-7 th H€ LI OF 2 S$-O1 Se—ST Vv 
“ViOMOTULeD MOT BIT 7-0 = Sh-9 6b HS T9E EE 18-0 9-0 00-2 PI'S Lh ZE bl 8h IE FEL OI-€ Vv 

(aseyd ayerpoursaqy) satieg Jaysqiig ‘NOLLWIOOSSV OSUNHL “LI 
*yno 
“y8noiy} YMOT'D/'d O8f “UN ‘GN Lh LS 8-SZ 7:2 €0:0 80:0 61:0 Sp-O €L 61 8 St 49 LE 8S-8h O/*E 
3 UZ MOT'SMOPQ sel “C’'N ‘CN 9b 8S 88h 7-7 SO-0 71:0 8-0 LET 65 8% WH LE OF Ob E-8Z ‘q 
= eQMoT‘O/'gpue 2ST €7-0 Lee ph LS LSZ L9 7-O> 71-0 8€:0 81 Ss O€ Il Sh Oh €L sSz7-Or @iV 
= SUIWIIUOIABJOMOT SLZ 05-0 9S-L Ev HS OLE 9-€1 60-0 17-0 O71 8:9 9 S%@ 9 SE fh ELI SI-S s 
S 
x (aseyd ayetpoutsaquy) satsag Ja9sqitd “NOILVIOOSSV OSUNHL ‘OI 


The soils of the country round Wick 


“‘ynoysno1y} 
°O%q [2101 MOT] 
"9g 2a0qe Hd mo] 
"H MOpAQ UOTILINIES O/) 
MOT 'D/ Jomo] UI BN] 
qdaoxa H{ Mojaq saseq 78 70-0 I€:0 Sb I-S ‘G'N 4:0 20:0>S0-0 20-0> SI-0> €9 €€ ¥ 7 wh O07 16-18 O/E 
aqeasueyoxe Mol ‘HUE = OL 70-0 y-0 bb IS “A'N £-0 20-0>€0-0> 20-0> SI-0> 19 ve S$ cs tr O77 9-95 -O/E 
BN Y3IH ‘INoYsNoIy? = —7B €0:0 9-0 €-b I-$ “GN £:0 20:0>€0-0> 7%O-0> SIT-0> 7 vv ¥ pS th 0-72 9-9E O/E 
yuaquos Aepo MOT ‘D/A LZ 60:0 96-1 S-€ OF ZTE 9-€ £00 €0:0> 80:0 SI-0> $9 62 ¥ wt S S-b 8t-€% A/V 
ulqUaUOI YS ‘ya's'N 17 $00 85-0 S-€ Lb 6€ O-T 0-0 €0:0> 7%-0> SI-0> 56 § I> 8 7 @t  SI-8 tly 
yay ety pue'’y cE vI-0 I[S-. I-€ bb 69 2% £€0-0 €0:0> SI-0 SI-0> 6 ¢§ I 9 £6 P-E S—0 toy 
ay JUajUOD puRs YSIH «Bg 8L:0 80:-6€ 6-2 Tbh LOE 9-61 L9-0 87-0 €hS 66: ‘G'N ‘CN ‘CN ‘C'N ‘CN 0-£L 0-8 H 
Te a Rae ee ee 
Sallag de[NeIOg ‘NOLLVIOOSSV TTIHNUNG 61 
g ae S&S, Ss 
z z & 5° ws! cd ns we 
jas ¢ ‘TOPO OH S H XX YN BN 8D a¢ fu 2 om of ~S x 
: Be oF Og E ee ee 
SyTEUISY nea) 3 s AY ; aR Sy 
Oce R 8 = *g "> BO 3 Ss 
me ad Hd s OOT/‘o7w sayeredas 3 
suotjed apqeasueyoxy !0S 


ne rr: hse he TS 


STOZGOd ANIdTVENS °*S ATAVL 


190 


191 


“By UL‘ O'd 

[210] MOT “InoYysnom3 
Hd MoT “HY MopeqQ 
UOTJEINIES O% MOT “3° VY 


MOP Y MOTH MO] LOZ . 'N “ON 0-6 8:6 L6 LT 60:0 S00 0:0 ST-0> €9 8f .61 LS $2 
-3q BW PUR ED MOTH OFZ “UN ‘GN 7b 9-6 9-9 LZ 80-0 60-0 90:0 St-o> “4g #@ edt T€ OF Zr Of-O% ‘A/'E 
uly pue eN ‘SAW YZIH TL 7-0 ISS 9-€ Eb 1-2 1-61 O10 I1-0 61-0 S1-0> 08 1 €Z €4L Ol €I-€ av 
‘Boy UL WAUOI ALP MOT GET S9-T SHES ZTE GE H-GI $B HZ SS-7Z BE-Ol 99-4 “G'N “CN “C'N “CN ‘C'N 8-06 S—ST H 
soliag a]epatieg ‘NOILLVIOOSSW ATWGaIaaad ti; “ia a We 
“3° y pue “H 
“TH ut SQ*q 1810) MOT 
‘noysnoi) Wd MoT 
“TH Mojaq UOTTeINjyes ; 
% MOTH MOQ 171 “GN “GN 7H Ly 82 SH S00 S00 €0-0 SI-0> LL SI 8 Sl bh Lt ees O/E 
wpuesweoamolT'H Pl ‘AN ‘GN Zh 9b OF ZL 0-0 90:0 60:0 SI-0> OL 61 H 9% €& T-€ &@-8I ‘g 
UI BN USIH “'H ULsaseq = ¢¢ ‘UN ‘GUN LE €-b €-1 SLI -£0-0 T1-0 60:0 ST-0> 08 91 ¥ Lt 69 6L  EI-t ay 
wy Mquasueyoxe ysIH “B'W LL 86-0 I16-1€ 1-€ Zh 9-L 8-86 87-0 6%-1 16:2 9€-€ “HN ‘UN “GN ‘C'N ‘C'N S-£9 8-81 “H 
8 UL Wa}WOd ABP MOT — QS 8I-l O%:9h O-€ I-b 7-O% 6-601 9I-t SZ-2 60-71 06-11 “GN ‘G'N “C'N ‘CN ‘CN 8-08 0€-IP 'H 
as) 
is 
8 sollag 2epaeg ‘NOLLVIOOSSV ATVGaINaad “07 
x S10ZG0d ALV3d ‘9 TIAVL 


The soils of the country round Wick 


192 


“*qut 
ydaoxa § OQ‘ g [e10} MO’] "NO 
-ysnoiy} Hd MoT “7H MO} 
-3Q UOTJBINYBS %y MOT 
ul }dadxa “Py Mopeq Y MOT 


‘O/'a pue 'qulswW Moy 76 ‘UN “GN €-4 Lb $-9 77 $0:0 60:0 %-0> SI-0> IL 97 € BE 6S E-€ 9f-se  O/'a 
SE MORG eo OT TH Lil ‘dN “GN 6€ Pb I-€ 06 Of-0 LI-0 7-0 SI-0> €¢ Le Li se Sp LS 07-01 ‘a 
ee HU!eN Pur 3IN U3tH oF ‘UN ‘GCN 7Z7E OF 6-4 $-6@ 40:0 $2@:0 85:0 79-0 $9 07 8 TE pS EET 8—0 av 
H ute) wat O/-a pue 08 C1 «L@-&h OF 6:€ O-9T 1-9 67-0 65-1 78:9 €S-€ "HN ‘G’N ‘C('N ‘CN ‘CN 0-62 €—-€1 "H 
3°V Ul JUD}UOD AE] MOT 28 9-1 67-Lp T-€ 6-€ SZ I-S8 09-0 67-2 €1-91 £€6:6 ‘G’'N “GN “C'N ‘CN ‘CN 0-78 = S7—8€ 'H 
Saliag UleeW ‘NOILLVIOOSSV AYOWAVUE €Z 
‘TH ut ydaoxe SO' g 
[e107 MOT ‘Dd ul }daoxe Hd 
MOT “OD pur fg ‘Bt y ‘HU 
UONBINIES % MOTD pue Bs ‘dN “GN 9-6 7S €-01 $-0 20:0>€0-:0> 00:0 SI-0> 6 9 I> 4 88 OTT 16-18 1) 
‘q ul en MOTH MOpSQ = «Eg ‘UN (“CN 9-6 6-6 6-7 LO 70-0>€0-:0> 7%-0> SI-0> I6 6 I> el 48 ¢-T 8S—8h ‘g 
wMpuesa‘eQwoT Hu 2 ‘UN ‘C’'N Pb S-b S$-LT 6:0 40-0 IT-0 70:0> ST-0> 06 or I> 07 08 =ot-b 87-81 ‘¢ 
BN pues YH 'HUIEN = 6E L1-0 2: LE bb 7% 8-01 90:0 SI-0 10:0 SI-0> 68 or I> vi $8 LS €I-€ ay 
pure 3A ‘8D ystH “SH MoT 16 OT-l tb-yy €-€ vp O-IT €-88 6€:0 82-1 19-9 €€-€ “C('N ‘G('N ‘“C'N ‘C'N ‘CN 0-68 £—-O01 'H 
-9q JU9UOD ABID MO] AIBA = EQT 8S-I 87-6h €-€ 6-€ LZ 8-6L 89:0 TI: 60-7] SS-8 ‘GN “G'N ‘CN ‘C'N ‘CN 0:06 €1-€7 'H 
Saag afepalieg ‘NOILVIOOSSV ATVdsldadad ct 
Cc Cc 
aI gS 2 
z 2 & 3 2a Bo FS fF WS UF 
Be, eo OO A EN, NS ee RO oe ae. a 
ES 2 ¢& E a °* 2 pF >B Be 2g 8 
SYIBUIDY 2S a + 7 ; a rf 8 
a f. 
Oe 3 8 Hd S “3001/27 W sayeredas "3 a 
suotjes ajqeasueyoxg [!9S 


panuijuoo—sjozpod Ajeaq ‘9 ATAVL 


*‘noysnoy} 

59% q [e101 MOT 

‘ta aaoge Hd MOT “H 
MOlAQ UONBINILS % MOT 
*g/V ul 1da0xe YH MO] 


193 


qyMoy‘o/‘gpue’q 12 ‘GN ‘G'N 9-% SS O-€ P-bI S0-0 P10 97-0 SI-0> 86 I> z if 46 «OL-S ro-€S | 0/'a 
Ul 3 MOTH MOPAQeD 8 ‘aN “GN Lb Of SI 4-8 £0:0 90:0 0:0 SI-0> 86 I> 4 I> 86 «6£-S 9p—9€ ‘g 
MOTH UL pue en ‘3A 8Z ‘AGN “GN O-F 8-4 €-€ 9-7 £€1:0 €7-0 OF-0 SI-0> 6 ¢ if L 7 «67-1 = 82-02 a/V 
Ysty *H Mojaq juajuod— [| $0:0 8S-I 8-€ 94% S$-S ZOI 0-0 71:0 %@-0 SI-0> 16 ¢ v L 68 8-7 sI-s iv 
Ae]D MO] puke pues YysIHH 6G 00O-I O8-8h S-€ I-b 6-72 1-69 SO-l 66:7 SS-SI 7@E-€ ‘G’'N ‘GQ'N ‘G’N ‘CN ‘CA'N 6-88 8-81 H 
satsag []IMIOQIeL ‘NOLLVIOOSSV AGUOO "SZ 
*ynoysno1y} 
5Q%d [8101 MOT *(3)' 
aaoge Hd moy'(8)'@ ph |= UN OC'N 7-6 8S «(LOS TE) «LTO TE-0 «2S: UST BL COT GS sCECLCiCiaT SST (BO 
pue 3¢y ‘py ul Uu0n /(3)'q 
“BANILS Y MOT '(3)'G Ul GH ‘UN ‘GN 6°€ 8-5 L:€S b-% 91:0 €€:0 SST 94:0 8&2 6 €I 91 IL 8-1 Is-Ip (8) 
qdaoxa en ysIH *(3)*q /(3)°@ 
Urs Mol 'HUISA SE ‘UN ‘GN LE SS GL 7-9 @-0 61:0 61:0 SI-0> 8&2 ol Al 8I OL $:% s7—st (8) 
8 USI “TET MO}eq BD MO LZ @2-0 4@-E 6b E 68h 6 6ES «6b-7T «OCOT-0 97-0) «— €€-0——- ST-0> «678 ol 8 91 9L S99 €I-€ ay 
3 "HULeD GSI. 3% y OOS 00-1. Is-€€ T-€ Lb ¢$-8 6-ZIl 47-0 €0-% IIl-b Il-b ‘G’'N ‘GN “GN ‘O'N ‘C'N 9-89 0-01 “H 
s Ul jUa]U0D ARID MOT —-6L L@-@ =L@-€h 0O-€ S-h 1-97 8-601 76:0 I€-€ OZ LO-vi “Q'N ‘G'N ‘('N ‘CN ‘CN 6-94 SI-SZ 'H 
Sy : 
x Saag YM ~NOLLVIOOSSV AVASINVO £6 


The soils of the country round Wick 


194 


“Moysnonp ‘OC’ d[eI0i MoT Fl GN “GN 7+ SS O-*@ LI 7-0 €0:0 LI-0 O€0 6 jt @Z@ 4 96 £0 96-18 fe) 
‘d/voaoqge Hd mMoT‘Dul St) = UN O'ON sOE-P OES: «S02 7-2 «0-0 90-0 61:0 0-0 6 1 4 z 96 $0 £€S—€P 2) 
BN puesW MoT 'H MOG 02 “GN ‘(NN O-% I-S L-7% 9-7 0-0 40-0 £0 O0€:0 16 2 9 € 16 80 Ib-0€ 'g 
Wpueep oT Hulypue Of ‘GN ‘GN 6-€ OS €-81 I-p 60:0 II-0 €F-0 O€:0 7% 8 OF €1 LL ET 8%-€2 “g 
PN ‘SWU3IH HOPG Pl 91-0 #S-l 8-£ OS 9-F1 66 60:0 LI-0 89:0 99-0 98 8 9 1€ €9 bE €%-Sl G/V 
yuaqu0s Ae Mo] ‘Dpuefg OL 90:0 §-0 6 £& 6b 7-59 6-1 0-0 80-0 7Z-E 0€-0 16 I z € $6 OT  €I-€ By 
‘8 “yulyuaquod pues ysIHH 6% pS) TELE OEE «2-H «(0-62 «6-6h LZ-1 61-7 Le-Ol Ip-9 “CN ‘C(’N ‘CN ‘CN “CN 6-8h — €-€1 H 
saliag youunq ‘NOLLVIOOSSV LANNNG “1% 
"D pure fg ul 
*O'd [210 ysty **g eaoge 
Hd mo] *'  Mojeq uo 
~BINIES Of MOT “ET MOPQ YY 
aor'HUIM ys *Hpue s/€ “AN ‘CGN 9-6 S-S 0-01 ¥-I1 $0-0 40-0 0-0 SI-0> 48 OF € vl €&8 O72 64-69 fe) 
'HUIeN Us TH MOPeq «= g8E 0 UN ON Ph ES 7-5 0-F 80-0 01-0 70:0 SI-0> 82 SI Lb 69 $2 9€-SZ ‘g 
BN MoT 'HUISA USI ZLT) «UN 6OCUN O9-E) Oot 6S-T 9-€€ «60-0 LI-0 67-0 ST-O> 98 L L St BLOG @T_CEI-€ Bty 
THMOPQEQ MOTH OZE P2-E 66-8€ T-€ O-F 6-5 6-801 LI-0 86-0 89-- 0-1 ‘GN ‘GQ’N ‘CN ‘CN ‘C'N §-IL €-€1 ‘H 
MO]aq JUBIUOD AEP MOT L7Z GL-T 9-H TE = 8-€ 7-81 T-90l [8-1 $0-% “p-@l €%-L ‘UN ‘GN ‘CN ‘G'N ‘C'N 0°S4 81-87 'H 
Saag WeyD ‘NOLLVIOOSSV STIAMSSA.LNNOD “9% 
3 # (Go Sa 
z z & se 6S UF US WS 
ee SI g ‘OOOH = H A YN aw Le) 2g Bo Q ou of ee oy = 
BS Zz 9 Z a "= £ pr pa Be 2 8 
syeulsy Ss 7 + a ; oa e 8 
Or 8 s S 3 fs d ie) | 3 
eee 2 Hd 3 ool/awi sayeredas g 
suoned ajqeosueyoxg [fos 


panuyuor—sjozpod Ayead “9 ATAVL 


195 


"H Mopaq £0'd 

12103 MoT “ynoysnos1y) 
Hd MoT -} Mopeq 
UOTIVINILS % MOT "3? Vy 


MOPQ A MOT'H MO] LB ‘UN ‘GN 6-4 64 ZI 8-8 S$0-0 90:0 20-0> SI-O> +8 @ Ff 9 O08 Lzb 6-18 d/o 
-0q BW puke ey MOTH 78 ‘ON ‘GN Lb 8b L2 £9 Of-0 80:0 20-0> SI-O> €L O9T le) 6 6S9 6H OTE fa/*@ 
Ul saseq a[qeasueyoxa = ZL ‘aN UN O-F Lv 8-1 9-6 80:0 80:0 7-0 SI-0> 82 SI L tz IL 6€ SI-8 ‘a/'e 
y3iH ‘d/o pue fa/'a@ = SL 17-0 $@-S S-€ @b 6-1 I-47 €1-0 91-0 €7:0 SI-0> S8 6 9 61 SL tt 8-0 sty 
‘3% y Ul jUajUOD ARID MOT PST €S:1 Sp-OS Z-€ O-b S-1% 8:96 €€-% 16-1 LE-7E 98-6 ‘“C'N ‘C'N ‘C'N ‘C'N ‘CN 7-88 SI-SZ H 
SALIg aJ28H ‘NOLLWIOOSSV NUHOIULS “62 
“H Mojaq 
£O'd [2101 MoT °(3)? Vv 
pue H ul yd MoT *H 
MOlSQ UONBINIES O/) MOT 
“(8)* y mojaq yf pue BN 
MOT 'H Mojaq SI pure = pg ‘ON ‘G’N I-S €-S €-I 8-€ 2-0> 00-0 %-0> SI-0> 86 t 1 I> 66 8-0 96-98 3 
BD MOT HUI pue OF ‘ON ‘GN 6-6 I'S Z@T I” 2-0> 00-0 7%0-0> SI-0> 86 1 I I 86 I-l Ist 'q 
9 PN ‘8D YBIH “H MOPAQ CE ‘UN “GN Zh OF I-1 §-S 70-0> P0:0 7O-0> SI:0> 96 Z z Zz 96 0-7 StSI 'g 
XQ 3U3}U09 ARP) MO] AIQA 7 97-0 9:9 I-b 8-b pI -S% SI-0 ST-0 40:0 SI-0> 6 € € S 7% €-@l €1-€ Vv 
3 pue pues ys AoA LTT «= 88-0) OS -€E LE OE 6OL-6E «(O-BE LI-T SL-0 8€-Z IL-0 ‘(‘N ‘CN ‘C'N ‘G'N ‘CN 1-09 €~€1 H 
Q 
x SalJag UOaIYS ‘NOLLWIOOSSV NOLTAIHS "8 


The soils of the country round Wick 


196 


‘D pues’ y ur ‘O'd 
[#101 MoT *°g aaoqe Hd 
MOT ‘2D pure ? §gq y8noiy) 
Sulseosiout yng 'E MO] 


-9Q UONBINILS % MOTH SL ‘ON (‘GN €-p €-S 0-91 8-2 140-0 Z@I-0 £0 SI-0> 49 € 8 €€ 2S -S 1-19 fe) 
Mog Y MOT S'ypue cof ‘GN ‘CN €E-h €:5 $9 72 720-0> 90:0 60:0 SI-O> 82 91 9 ve OL Lt IS—Ib tq 
TH 'HUIEN YZIH (OU 6hl ='UN ‘ON b-h O-S Z-£ I:% 7%0-0> 40-0 7%0-0> SI-O> €L € F ve 7 O-F O0€-02 ‘tq 
BWuwnipsw)s'ymopqsW gfZ “AN ‘AN Zh O-S L:@ 8-9 7-0 80:0 60:0 SI-0> 19 9% 6 96 I$ ZL €I-€ ‘g 
Mol ‘*H pue 'H ULSI usIH (7S SZ-0 LES €-€ Lv to O-81 $00 L7-0 [5-0 St-0> pS 8% EI Ob th 8-6 €-0 sty 
“"H MOG eD MOT '3'Y FIT Ip-l O@-IP T-€ €-p €-IT L-o8 11-0 UI 17-6 ST-O> G'N ‘C'N ‘CN ‘C'N ‘CN 8-¢L 0-01 ‘H 
MOPAG JUDMUOI ARID MOT EZ{ vel IZ-bS O-€ I-b 9-PE 0-6 06-0 I8-% €S-8€ 65-L “G'N ‘C'N ‘CN ‘C'N ‘C'N 6-96 S7—9E 'H 
(eseyd ayeipausiazuy) satiag JaisweD ‘NOLLWIOOSSV OSYNHL ‘le 
“noysnosyy 
Hd mo7q ‘'H moyaq 
UONRINIES % MOT "'H UI PHT GN ‘GN 9-€ 6-4 9-€ 6-€ O7-0 VEO IT-I SI-0> LS oI ral 02 Ig O-€% €I-$ a/v 
MYsIH INoysnompeN OOL “GN “CN €-€ Lb O-L 1-6Z 91:0 67-0 ELI SI-O> €S 7% £1 ve tbe €-91 SO ay 
U3IH ““Hpue'H UNSW SZZ)—BZ-1LB-Ib TE Sh 6 S:6 «BLL 88-0 91-1 80-9 SI-0> ‘'N ‘G'N ‘C'N ‘C'N ‘C'N T-LL 0-01 ‘H 
USIH 'H MOPQRD MOT OFZ 19-1 9L-9h EE bb I-61 6-LL LI-l 90-I 91-1 %O-S ‘G'N ‘('N ‘G'N ‘C'N ‘CN 8-78 OI-8T 'H 
(aseyd moj]eys) satag Jaiswed ‘NOILVIOOSSV OSUNHL ‘O€ 
Gc Cc 
& Q 8 
‘198 z z e 3 so 6S UF UMS UWP 
od & g ‘DWP OTH = H XA &N WN ae Bn 2 on Of pS 2 
BL OZ 9 aA °= 2 $F 58 Gr 8g 3 
syieuloy 0S 5 § 5 : 23 > 5 
‘ 98 ° c. 5 g g 
oe 3 5 Hd sg ‘BS 00I/27w sayeiedag "3g 5 eg 
suones ajqevasueyoxg [!0S 


——————-_———- Eee —--——————_____—_— 
panuyuod—sjozpod Ayead ‘9 FIAVL 


197 


‘d/2 ul ydsoxe 
*H mojag £7 1210} 
MO’'T *?g aaoge Hd Mo'T 


“TH MOpqUONBINIES % POL ‘GN ‘GN vb S:S 6S oS 60:0 1-0 I1-0 SI-0> SL ¥1 ra 8I IL 
MOT “32 MOfaq Ypue Sg ‘UN (‘GN €-+ 9S 89 PE SOO TI-0 60:0 SI-0> 69 Ut rat v4 19 
BIN MOT SG ULeN MOT LZ ‘ON ‘GN 7b 9-6 IL I-% 2-0> €0:0 €1:0 SI-0> 7% 61 6 LZ ~=—9 
“8'y pue “Hy ‘'HUTeN «39 ‘UN ‘ON 7h €:5 bE IS 2-0> 40:0 1:0 ST-O> # 9% cL ve 
ysty "'HUly pure sw CL ve-0 TEL v-€ Le I-Ol 9-17 07-0 O€-0 Lb-t 9-0 09 12 @ ve Lp 
YsIH *'H Mojaq kD MOT EZI 08:0 10:S% ZE vy HZ Lb €S-0 98:0 98-€ 66-0 ‘C'N ‘G'N ‘C'N ‘C'N ‘C'N 
“fqurquajquod Ae MOT 88 Obl SS-% €-€ Hy 91% €:S9 OI-1 PO-1 L8-Ol 6b ‘AN “C'N ‘CN ‘C'N ‘C'N 
(aseyd ayelpautiajuy) saag Ja3SWeD ‘NOLLWIOOSSV OSUNHL 
“3° y pue “Hu SO'd 
[#307 MOT ‘Jnoysno1y) 
Hd mo7T *°g pue 3’ y 
ul uoijeinjzes % MOT 
“HMopqyMojing 402 ‘GN ‘GN 0-6 8-6 Pb HIT 10-0 SI-0 €-0 SI-0> 95 L4@ Zl Ob & 
"HUIS YsTH “TH puke 6p ‘aN “GN v-€ 9-b 2b 9-61 20-0> 81-0 69-0 SI-0> ss O€ OI lp 8E 
"HULeN pues ys EL £90 IS-b% I-€ @h 9ST TOP LI-0O 72:0 8S-S $6-0 “C'N ‘C'N ‘CN ‘C'N ‘C'N 
“TH MOPAG BD MOT 6ST €€-1 I%-8b T-€ Ov Z-O€ OL 10-1 IS-1 th-b% 0-S “C'N ‘GN ‘G('N ‘C'N ‘CN 


Appendices 


(aseyd ayelpautsaquy) saqsag JasWIeD ‘NOLLVIOOSSV OSUNHL 


-S 
ep 
1-2 
(aS 
TE 
9-L 
L9 


b 


L 


8S—8h d/d 
€y-£€ O/'E 
€E—-S7 g 
OZ—-Ol ‘q 
¢-0 ay 
0-01 ‘H 
OI—02 'H 
“€£ 
sI-s$ a: 
s—0 ay 
€—-€1 "H 
SI—8@ 'H 
“CE 


The soils of the country round Wick 


198 


*g JOMO] Ul 
yda0xa YH Mopq ‘O'd 
ye10) mo'T “gq aa0ge 
Hd MoT ‘dD ur ydaoxa 
H Moypaqg uoneinyes 
O% MOT "HE MOT2IQ YM MOT $8 
"?q MOjaq BN pues 901 
MOT'HULypureN 78 
‘ZA Y8tH “INOYysnoIy) §=6S 
BD MOTD pur fg 09 
‘Sty Ul juajqUOD ARID MOT «TET 


SyIewley 


5o'd [R10L 
3 OO //3uW 


WIZOIIN % 


UOGIED % 


10%) O'H 


Had 


UWONLINIES % 


70-0> €0-0> 1-0 


‘3 00I/ou 
suones a[qeasueyoxy 


S1-0> 
$T-0> 
ST-0> 
ST-0> 
ST-0> 


wastsrn 


67 


$1-:0> ‘('N ‘(’N “GN ‘CN ‘C'N 


ee a a SSS SS 


170) 


*19qU] 


IIS % 
Ae1D % 


sayeredas 
0S 


uonu3] 
UO SOT % 


wo yideq 


uozU0H 


panuyjuoo—sjozpod Ayeegd “9 ATAVL 


“noygsnoi) 

5O'd [210] MOT “V 

ur 3daoxe Hd YsIE ‘3D 
pue (3)g ul uOneINyes 
% YSIE{ “NOYsNo1y) 


199 


WoT qisddnur 97 ‘dN ‘CN 6-5 9-9 ¥-69 #6 2-0> SI-0 49:0 €$-02 86 Z I> + 96 ¥-91 601-66 da 
®N YSIH “3D Jaddn pue = gp ‘UN “GUN 8S 2:9 9-6L I-O0€ 20-0> S8-0 €2-€ SL-E11‘GQ'N ‘GN ‘GN ‘G'N ‘('N 72-49 16-18 Gead) qd 
(8)q Jomoj UTS MOT OT ‘UN ‘GN O-L 8-£ OOT 1-0> 7-0> &7-0 Iv-0 16:62 66 I I> 2 86 9-1 91-99 ce) 
“VW urjdooxe PD USTHH 8] ‘aN ‘G'N T-L 0-8 OO1 10> 2-0> 61-0 17-0 %@-StZ 66 I> I> I> 66 €-I 9S-9F 39 
*Qead pating) qJaddnurZ1 70-0 7E-0 6:9 9-L OOT T-0> 70-:0> €2-0 81:0 67:92 66 I> I> I> 66 ZI €€-€%@ (aq 
ydaoxa JUdIUOD AE[D MOT —-9Z 80-0 68:0 24:9 -L OOf 1-0> 70-0> €2-:0 99:0 68-62 66 I> I> 1 66 %I-€ SI-8 (a 
AJOA pur pues ysty AIA = ZE €€-0 8b-€ OS 65 79 ES $00 LI-0 Ol CL 66 I I> ¢ 96 O-L 8-0 Vv 
sallag sxuyayM ‘NOLLVIOOSSV HOUNAAS VAs ‘9€ 
‘noysnomp Od 
[210] MOT ‘3noysnom} 
Hd pue uoneinjes 
% YSIET “INoYsNoIy} 
MOT noysnosy == §Z ‘aN ‘GN 24-9) 8-L OOT 1-0> 20-0> 97-0 96:0 8F-6S1 76 9 z 2 98 6: >8—bL d 
2N pueenusipR LI ‘ON ‘CGN 8-9 0-8 OOF T-0> 20-0> 87-0 48-0 OI-SI] 46 I 4 96 6-1 99-96 Ee) 
“jnoYysNoIy? wIU09 =O. ‘aN ‘GN 69 §-8 OOL 1-0> 20-0> 9€-0 78-0 OL-b€ 86 I> 2 I> 86 O-1  &8b-8E 39 
Aglo Moy Alda ‘eaoge = 9T 90:0 St-T 6-9 €-8 OOF I-0> 70-0> 0€-0 46-0 86-92% 86 I> 2 I> 86 8-2 87-81 @a 
8 quaquoo pues ysTy AIA gy 87-0 7-7 8-9 9L OOT I-0> 70-0> 8£-0 8-0 vE-6h 86 I> 2% @ 9 €S €I-€ Vv 
as) 
S saliag SYUTAIYM ‘NOLLVIOOSSV HOUNGAASVUA “SE 
Q 
XN 


SATTD SNOUAVOTVO “LaTaVL 


The soils of the country round Wick 


200 


88 ‘EN “GN IS HS $-S%@ BL SI-0 91-0 O1-T 9€-1 OL 81 ZI O€ gf 8-1 16-8 @O 
*§ MOpSq /@)'g 
‘O'd [e101 MOT “3 78 ‘UN ‘GON $$ 9 7-2 9-L O10 PI-0 86-0 9€-1 89 IZ Il O€ 65 61 gs-Is ()*a 
pueSuly MoT SuIeN 78 90:0 2O-I €-S $-$ 6-61 6-€1 €£0:0 +10 €-O 8:2 IL 61 O1 IE 65 9O€ €-€€ 3'V 
YZIH "SMOPQEDMOT OOZ O£-0 88-h SS 9S ZBL LZ 80-0 47-0 17-1 96-4 19 w OL 8€ Lh £6 02-01 S 
saliag yeoqund ‘NOLLVIOOSSV ATVaslduad “SE 
“(8)V Mopaq §O%g 
[810] Mo'] *3’g pue 
(8)y Ur UONBINIeS % MOT 
“(8)°q pue 3'g uly MOT 
‘@)v ULeN Y8IH “3g 68 GN (“GN €-6 9S 9-ST €-ST If-0 t1-0 LOT IS: #9 OF Of 8% 9 $-% I-16 (OD 
Ul 3 MOT “INOYsNOM 99 aN ‘GN tb SS HLT 1-6 £€0-:0 IT-0 98-0 16:0 8S 8% 1 CW tw Le 19-95 (8)'q 
BD Moy 3’ q pue(3)y 6L €0-0 €2:0 Lb €£$ $2 8-L %-0> 80:0 71-0 SI-O> LL gts St OL $:% Ip-oe 3'g 
uy ywayUOS ABP MOT 477 = LEO ZL OH «OOS ES CLT LI-O «087-0 05-0 ST-0> €8 1 + 7 =—obkLCSN-E SI-8 @)v 
saliag yyeoqund] ‘NOILVIOOSSW ATVGgaldada “LE 
ec. ¢ 
Ps S Py 38 
4 3g 10% 7 s e 3 Bo GS SF NS US 
oe Oe, OS NE OU EO ae: Sh an “OS eae - 45 
BL 2 fe) & ra "8 B@ Se oa gn. § = 
syrew9y mS ¢@ 5. 5 S a aaa = S 
c ict 3) 2. o% g fe} 
= 5 5 Hd g ‘3001/7 w sayeredas °g 5 a 
suones a]qeasueyoxq [l0S 


SAATD SNOAUNVOTIVONON ‘8 ATAVL 


201 


“32 pure 3°g 

ut £Q%d [210] MOT 

@)v UL Hd MoT ‘3° g 

Ul UOTIBINICS % MOT 

“8- pue 3° gq uly MOT ‘(8)V 
UI @N YstH “8D ul SIN 


sant 
i a ie 
tHMNN 
MAMA 
CONTA 
ANAS 


MOT “INOYSNOIY] LD MOT HB 
‘32 UL jUDIUOS puks 7% 
SIH “8D pue 3° g ‘(3)V 901 
UL JUIJUOD ABD MOT IE] 
‘SMOTPPQ ‘Od UW 
[e101 MOT “§ Mofaq HI cE 
ysty ‘S MoTaq UONeINjeS 
% YSIH “3D Ura MOT 6€ 
jdaoxa jnNoYsnoIYyY saseq 
ajqeasueyoxe wnipay] = OET 
(3) 'g pue 37g ur ‘Og 
JeI0} MO’T “3% gq pue 
(@)v ul Hd MoT “2 ur 
UOHRINIVS % -YSI, “3° gq 
UT MOT ()V UeN ZIT 
YSIH “3'g pure (3)y UT 99 
eg MOT “3°q UTjUD}U0 «OY 
MS'wa's'nusiH Est 


~tro 
rewmn 
oon 
rrtnn 


Appendices: 


= MON 
OM on 


T-0> 
1-0> 


1-0> 


1-0> 
9-8L C-7 


97-0 
LT-0 


r1-0 
01-0 
11-0 


ages 
oooo 


€7-0 
10-7 


SI-T 
€I-T 
6:0 


AaQanm 


983: 


69 
69 


€l 
€L 
SL 


SIE a]VpselL, ‘NOILWIOOSSV AVESINVO 


19 
9S 
(43 
Ts 


SdLIag peyyes[-Wed ‘NOLLVIOOSSV ANOWAVU 


a 
€1 


91 
vl 


ol 
ral 
it 


02 
x4 
6£ 
(<4 


st 
LI 


LI 
ST 
vt 


61 
tt 
lc 
ST 


com 
nanan 


98—9L Le) 
is-Ip = 8g 
87—81 3'g 
€I-€ (3)v 
‘It 
LYI-LO1 Ce) 
I8-IL 30 
/3°@ 
19-15 ag 
9€—SZ 3'q 
sI—-s s 
‘Ov 
96-98 fe) 
19-1s = (8)'@ 
9€—SZ 3°¢ 
SI-$ @v 
6€ 


The soils of the country round Wick 


202 


“3V 
Jaddn mopaq £O* d [¥10) 
MOT ‘8Y MO[Sq Hd Yat 


‘3D pue3sp/3'qutuone 9 ‘UN ‘CN 2:9 €-£ OO 1-0> 80-0 €1:0 IZ-T 165 249 61 vt 8% 8S 9-1 ZII—-ZOT 89 
~INIES % YBIH “By ssddn cp ‘aN ‘CN £:9 ZL OO1 1:0> 40:0 [1-0 Le-I €€-$ 9 O2 Of €€ IS 8-t 96-98 89 

Ul UONBINIES %} MOT "INO gp ‘UN ‘GN §-9 TL OO T-0> 0-0 IT-0 S@%-I 98-7 #9 @ ol Of 9S 6-5 I8-lL 39 
-y8no1y) Y MOT “By seddn /3°¢ 
ULeN YsIH “8¢g pue sy ¢¢ €0:0 L€-0 0:9 24:9 b€r 6+ 70-:0> 60:0 64:0 L482 ve 61 2£ Ie 7 $1 96-9F 3°g 
saddn ul ed Moy 3g puke 28 €1-0 @-€ I-S 0-9 P-€€ O-O1 ZO-0> LI-0 0-1 @-€ S9 £2 8 €€ SS O-L 8€-82 3V 
By ul jUaUOD AED MOT ~6PI 17-0 «19'S Sh OS 6b IT OE bl 60-0 97-0 7-0 LL0 99 #12) 8 €€ tS §-O1 €I-€ 3 

sallag osiny, ‘NOLLVIOOSSV OSUNHL “ey 
"SMOPQ 6 ‘UN ‘GN $-9 9-L OO1 10> 61:0 ZE-O0 2-1 L8-L 19 12 8f O€ @ 2% LbI-LEt Ee) 
5O%d [210] MOT ‘3° MOT 7% ‘UN ‘GN 79 €-L QOL T-0> €7-0 ZE-0 IS-I 9€-9 7% I@ “1 €€ OS S$-@ @I-ZII Le) 
-2q Hd ystH “NoYysnoIy 97 ‘UN ‘GN 8-S 8-9 OOF 1-0> If-0 SZ7-O I€-1 “Lib 9 € €1 ve €£$ 2 6-8 89 
UONBINIES % YSTH “3g 99 90:0 6L:0 8S £9 OOF 10> 60:0 €7-0 I€-I SS-» 7 € St LE 8P 92% 69-85 a°g 
UI AO] "3° q uUlyda0xa pp 90-0 64:0 9-§ 9 OO T-0> O1-0 97-0 I€-I 8th 9 IZ SI 6% 9 L-% €b-€E 3g 
PN USTH SUED UBIHR 6LI = OT-0—séaL- EES «=D SB 7% COEE-O ZE-O «69-80 S€S SCE CSCC (<$eeCLECS GH BIB s 

saliag OSINYL ‘NOLLVIOOSSV OSUNHL ‘th 

c c 
Q — Q : & 
z ‘ty & e 3 eae 22 FF F we ws 

og & g ‘0% O'H = H x N W *) BY 2a 2 om OF —& 9 - 

BL 2 oO = a = &£ 57 58 Sr § Q 

syeUoy vB 8 eo Fr eg 7 8 

FI S . 
Oe g 8 ud g 3001/27 u sayeredas "$ 3 ad 
SUONeD s[qQuasueYyoX [10S 


panutju0I—SK2{H ShOdIeseOUON  *8 ATAVL 


203 


Appendices 


BDRM] E11 “GN ‘A(‘N €-$ 0-9 7-98 PI 61-0 47-0 99-€ SL €9 Of AI Te @ O-€ LZI-LII 3D 
ul jdaoxa jnoysnoimp *O'd 66 ‘UN ‘GN €-S 0-9 £8 SI LI-O 47-0 €9-%7 65% 19 [2 8&1 @E OS 6-2 LOI-96 Ee) 
1210) MOT “3D JOMOT UT pL ‘dN ‘G’N O'S ZS 1-08 9-1 61-0 81:0 96:0 175 SS 6@ 91 €b Ib TE TL-I9 3g 
UOHEINILS Of YBIE{ “BOULEN 67 O10 «SS-l 6b 9S 6-249 8-1 60:0 S10 7-0 88-2 09 S%@ SI 8& Lh 6:2 Ip-0E 3°q 
Yai 3’ gq uly pueeD MoT 96 0Z-0 60-2 I:$ 8S 2-08 z£-1 O10 27-0 68:0 “48:5 7% S% OC Ww SE 1-6 SI-$ Ss 
sallag OSINYL, ‘NOLLVIOOSSV OSUNHL ‘oF 
“(a 
Ul SJUaUIZeIJ [Jays 0} anp 
‘Qured yay pue Hd ysiy) 
*qnoysnosy) §O%_ [e101 
MOT '? 2 pue 3'D ul Yd 
Ysty pUe VONLITYRS %} YS 99 GN ‘GN &L 8 OO1 1-0> I€-0 67-0 L9-€ O06-% OL Ff OF €% 19 9-€ L@I-LEI ue) 
*(Avids yyes) NoYysNoIy) = —_gg ‘UN (‘GN 2-4 LL O01 1-0> 61-0 9F-0 10-€ $8-8 249 81 sl g@ Lg O-f€ 6-18 38'D 
PN YsIH OQ pues'd = Lp p0:0 6y-0 €-S I-9 €-65 6-6 SI-0 *S-0 %-I LS-b IL ol sl %@ €9 6-1 8b-8€ 3°q 
UBD Yay ‘SY UIeD MOT —sEg OP-0 «€%-b bb TS 8-82 PEL T1-0 79-0 OL: WZ 89 LI iat St “4§ €-8 O%-0I 8V 
saliag OSINYL ‘NOLLVIOOSSV OSUNHL "Sp 
*(8)s mopeg O'd ; 
Te10} MOTT “8D ut Hd YsTy 28 GN ‘GN IS $-9 ¥:% 9-0 90:0 t1:0 thy TZ 9 8 81 9% 9 S-Z WI-I6 Fe) 
H‘aA‘TUIHd MoT "3D Ig GN (“GN 8+ 1-9 1-96 72-0 €0:0 1-0 I6-2 S02 249 Of €1 O€ “Ls $2 99-95 3D 
pue 35/8'g ul uoneMPS o/ . /3°q 
UsIH “H ‘A “TMOPQ YM MOT Eg ‘aN “GQQN PP 8S 0-€9 ZZ %O-O> P10 8I-% 9-1 9 1Z SI ve IS L272 €h-€€ 8°q 
‘HA “TUL pue en ‘8W ge $00 09:0 Zp ZS 9LE ZZ 70-0> 60:0 94:0 Sr-O OL 8 ZI Of 8&8 S$-2% Of-02% 3'g 
YsIH “INoYysNOIMeD MOT O11 €7-0 SE-h OF 2S LOZ L:9 60:0 61:0 10-1 9-0 S9 € 2 4E 6S) «68-6 OSI-S @s 
“@)S ulyuaqUos ARP MOT CLZ BE-1 OP-PE 8-E 6b Z:SE $-87 90-7 86:0 16:6 th “GN ‘C'N ‘CG'N ‘GQ’'N ‘CN 6:09 O-€ HT 
sallag OsInyL, ‘NOILLVIOOSSV OSUNHL ‘tb 


The soils of the country round Wick 


204 


*§ Mopaq §Q*d [e101 
Mop ing § ul SO'd 
Te10) YstH “8D /3'g 
pue 3°q ul Wd MoT 
3g puke S Ul y MOT 
‘§ Ul BN puke eD YsTH 


‘@s 

MOTAq §OQ*_ [2103 MOT 
*3%q MOpeq UONBINJes 
% YSIE “Noysnosy} 
saseq o]qeasueyoxa 

" UWMIPaUl IsIMIIY}O 

_ @)g ut eN YsIH “(3)s 
UT ]U9}U09 ARID MO'T 


6L 
v8 


7 
Sty 


‘aN 
‘aN 
‘a'N 
Qe -0 


‘aN 


‘a'N 


‘aN 
SS-t 


~~ 
nm 
Se 


“0 
on 
m™ 0 


N oO 


at 
tH 


NN 


O1-0 8-0 1-2 
11-0 7-0 LO-£ 
80:0 91:0 SE-z 
80-0 47-0 8F-l 


91-¢ 
LT-¢ 


€L-p 
47-11 


99 
L9 


99 
09 


saliag OSINUL ‘NOLLVIDOSSV OSUNHL 


81-0 17:0 S-I 
81-0 81-0 IS-T 
€1-0 81-0 62-1 
cI-0 91-0 2-0 
07-0 97:0 98-0 


| 
I 


rai 
£@ 


ss 
Ls 


—_—__ SO - wm CT 


satiag osiny, ‘NOILVIOOSSV OSYNHL 


SyIeWIY 


SO'd [R10L 
8 OOI/' 3m 


UdZOIIIN % 


UOGIED % 


Zp OS 
TP 6 
Le L-+ 
Gr FS 
Os 1-9 
Tg 2-9 
0S 79 
0-¢ 0-9 
OS LS 
"108 O'H 
Hd 


UONLINICS % 


aN 


3 00I/'°w 
suoned sjqeasueyoxg 


B® 


19jU]T 
pues % 


"Id 


81 LZ 
(46 1% 
(46 1Z 
rat Le 
oe £7 
SI 97 
ot 87 
(al (a4 
6 6£ 
Cc 

= = as 
ow Qy 
=: & > 
sajyeredag 


1!0$ 


‘varsin 
PURS % 


¢-% %@I-Zl Oo 
S-% 98-9L 43D 
/3°g 
€-% €h-e€ 3'g 
7-6 81-8 S 
"8p 
1-2 7@-zor. (8)d 
v-% 91-99 §=(3)0 
8% 95-9 = s- BEG 
9-7 9b-9E 3°q 
9-L 8-8 (3)s 
“Lb 
at 9 
Sr sg 5 
a8 > 5 
So gC 


A SS ss 


panuluoo—shajD snossesjeouON  *8 ATAVL 


205 


‘3g saddn pure 3’g . 
Ul O%d [2101 MOT , oT : 


‘@SuHdystH BD sol ‘GN ‘CN €-$ €-9 4:56 £:0 81:0 67-0 246-% 8I1-€ 09 IZ 6b €€ 8 €-% 2I-PII 89 
uluoneinies % USI O01 «6 UN «O'C'N 06S «7-9 €-98 «0-1 «STO 97-0) «OTE POE 8S esi TSC“ (‘iECCOC*SSH:SCi‘i CG TG 89 
‘SD pue stg iomopul Ol “GN ‘CN LP 8-S 8-SL 1-Z SI-0 97-0 hE pL? 65 2% 61 ve Loy £2 6L-1L 3A 
BN YSIH “S'q samo] = (OL €0-:0 Ob-O I-h ZS $7 €-£ I1-O0 bT-O [9-1 89-€1 6S 7 61 1€ OS $-% 9S—-8P 3g 
Ure MoT “Bfgqiaddn — ¢g p10 OF-l Ob ES LIB €€ 1-0 11-0 C80 QO LS C2 12 €€ O 82 IbOf 3a 
pues qurejysiy = OET St-0 Ith 1: 9:9 8-96 LS I1-0 91-0 SL-0 Sb-9 95 S@ FI SE OF €-6  SI-S (3) 
saliag OSINYL ‘NOLLVIOOSSV OSUNH.L “IS 
“(@)S mozaq §O'd 
1e}0] MOTT “3D ut Hd ° 
ysIH “S'q pues gq gg ‘aN ‘G(’N 6-6 9-9 2-78 I-I ¥I-0 LI-O 180 Sth 19 St@ el 6€ ce €-2% I-19 ke) 
UY MOT Sq ule pS ‘dN “ON 9S 1-9 PLL €-1 $0-0 81:0 16:0 E-€ SS OF Sl Oh Sh $2 IS-Ib 3g 
MOT “(8)S ULUBIU09 LS 80-0 08-0 7S 0-9 8-7 I-2 0-0 81-0 %-0 99:2 €5 9% If Oh GE OE £E€-£7 3°q 
Wws'wasnysH  OLT 67-0 %6-Z 8-F 9S IT-1S €-9 OF-O 7-0 €8:0 9S €S OF FI Is 2 99 SI-§S (3)s 
Saliag OSINYL, ‘NOLLWIOOSSV OSUNHL "0S 
“8'g pue 3’q ur Od ; 
TeioimoyT 3'qur Tif “G('N “GN 79 6-9 O-€9 I-h 0-0 71-0 760 €65 49 € OL Le € 92% LOI-96 85 
ideoxa Hd y3iH “(@)S_ COT «UN ‘GN 7:9 8-9 L-S5 0-9 SO-0 P10 96:0 8€:9 $9 S@ Ol 6€ IS LZ 98-94 3D 
g MOG A MOT 3 *g LL ‘UN (‘GN 65 8-9 689 9-€ $0-0 STO 48-0 10-4 $9 G% OL 4% €9 v2 I9-1S 3°g 
= pue (3)S uljuaIUOD §=—-¢6 40-0 88:0 #S 79 8-55 L9 L0-:0 @-0 LIT @L If LE ZI €§ SE 9-€ 9€-S% 3'G 
= WS VaQSNYH 681 67-0 OL-€ 0-9 8-9 £96 $$ 21-0 7-0 IE-1 OFS eh Cr O1 09 92 $-8  SI-S (Ds 
8 
< satlag OsINy], ‘NOILLVIOOSSV OSUNHL ; “6b 


The soils of the country round Wick 


206 


‘Sty MO] 6L ‘UN ‘GN Lb 9S S78 pI 2-0 69-0 @-1 wr EL 6 sl 91) = 99s A HI-ZEE = BD 
-29 5OQ%q [P10] MOT 69 ‘UN ‘GN Zh S-S S-I8 pI [7-0 €€-:0 19-1 60% OL vt 91 61 9 2 FII-POI 3'D 
"B°2D pure 3'D (3)g 9S ‘UN ‘ON €-b 9-5 $-S9 €-€ ZE-O I€-0 @-I 64: @ €F SI I PF 2 6-18 89 
Ul eN Y3IH “3'g pue 1g ‘UN ‘GN 72-6 €-S 8-69 I-% 60:0 7-0 II-l C2 69 Sf €b 6% 8S €% IL-19 38'g 
8?q uly pueeD MoT €€ 90-0 LI-l S-¥ 6S 9-€6 1% SO-0 LI-0 cLe-O I8l “4k Of L St 89) GCE EE 8G 
“S'g pues?y‘(3)g Lpl 17-0 LO-E S-y 8S 9S 6-£€ O10 €7-0 £9-:0 II-b OL Of 9 ve 89S «bk St-810 8 
UlwWa}UO) ABD MOT POT 16-0 IS-€ Sb LS $2 9S 7-0 97-0 IL:0 £05 £9 9% 9 6€ OS $6 SI-S (3)s 
SALI9g J91ISQIS ‘NOLLWIOOSSV OSYNHL "eS 
“TS MOPIG 
5Q%d 1210) MoT *(3)' 
ig PRESEN MOT 49 GN “GN TS 8S 0-89 OF ZO SIO LL-1 Or9 69 12 Of €€ IS L@ @zi-w 89 
BD aaoge Y MOT “3'a 06 ‘UN ‘GN OS 8-5 OSL £2 O1-0 LI-0 19-1 2-9 9S “4% LI 6& th SE I6-I8 ye) 
pue (3)'q ‘‘SuIeD g¢ ‘UN (“GN 8-6 8S €-%L €-1 00-0 O10 8-0 2 tL 81 II 8% 119 8 1 99-8¢ 3'q 
oy “(8)*q ur jUa1 19 $0-0 0S-0 Lv 6S §$-6€ ZZ 0-0 90:0 1:0 O%7-I 16 8 I or 6 €8)—CO-TEs€S—9p = (8) 
-U0d ABpo MOP AJaA pue LOT = 80-0 @Z-1 Oh «OLS «CdLZ@ 8-H «60-70: «40-0 «6 ST-0CsdTS-1 Ss €8—COEs‘C‘SSS 7 =O ELS éEECST EE ‘§ 
‘SurqUajUOD ARID MOT PST 97-0 OL-E 6b 8S 1-9 6-9 60:0 71-0 $90 %@-S Se SI Ot 62 19 O-9 O?-Ol '§ 
SALI3g JOISQIS ‘NOLLVIOOSSV OSUNHL 49 
c ca 
=-=S ms S$ Fs 72 
2 198 iy & RN 3 e 5 35 ns n 
ea . s 1ID®2D O Ps H >. | WwW 2) ae gu Q ore a4 ae 9 . 
syrews so z g & “a "* 2 > >a BS 8 g 
wey SOR A ge 6 8 
a9 ie) =: 
oe 5 5 Hd S ‘8001/77 u soyeredag "-g 8 zs 
suoljed s[qeasueyoxg Tos 
panurjuoI—shr]D snossespeouoN “8 ATA VI 


207 


Appendices 


‘3D pue 
8'g ‘8% y ul §O'd [e101 
MO’y ‘3? gq pue 3¢¥y ‘7 Ul 


Hd MoT 3’ yuluone 08 ‘ON (GN I-b 9S 9-84 6:0 SI-0 71-0 96:0 96-1 ZL a vl 4 99 $-I 7OI-l6 Ee) 

~AINJES Y% MOT "HUY 78 ‘UN (“CGN 8-6 €-S S-€9 ZT 91:0 11-0 78-0 SO-1 SL val I 14 99 €:1 6L—69 B'q 

pue en y3IH “Sq ULSI 6IT 7-0 €-0 bh 6h OLT T-2 CIO 80:0 €%-0 SI-0> 08 or or 0z OL OT St—ST 3° 

MOT “H MOlag BD MOT 0S vT-O fb OF bY 1-9 $-02 HI:0 61:0 8€-0 19:0 08 II S 17 OL 8-8 8-0 sty 

‘22 y Ul jUd}JUOD AED MOT SET 46:0 9P-vE 8-E Eh 9-02 HBF 95-1 bI-1 86:7 148-6 ‘GN ‘('N ‘G('N ‘CN ‘CN 0-99 S—SI H 
saldag Ayeyoouy ‘NOLLWIOOSSV ATVGaIdadad “ss 


°(8)9/@)'a 
pur H ut ydaoxe §Q' g 
[2101 MOT “INoYsNoIYy) = gZ] ‘UN “GN @-6 6-46 “Llp ve 61-0 81:0 LOI L9-1 8s 07 (44 PE te 86P-% 16-18 (8D 
Hd mo] ‘3! *y pue /(8)'@ 


By ur UOleINyEs % MOT 18 ‘UN (‘GON Z@-+> 6-46 Z8E S-E€ [7-0 bI1:0 88:0 16:0 5 I% S$@ %E € §:% 95-9r (8)'E 
‘S'ty pueHUleN 9¢ “GN ‘GN 7-6 8-6 €-7 bE SI-0 71:0 69:0 STt-O> 7 8 O02 IE 6h €-2 €€-E€2 3'q 
ysiy “3 yUulsW  ¢¢ 60:0 7%O-I @b 9b £6 O-€ O10 80:0 €1:0 SI-O> 69 O% It €€ 8 I-€ gI-g Bw 
MOL SH UTSAL Ys LS 87-0 67-8 9-€ @bh ZS €-S% 07-0 L7-0 16:0 SI-O> 6 2 @ Ib Ob Sl 8-0 a''Y 
“HMOPQED MOT I€T SIT 86-SS LE ob HLT 9-59 66-0 67-1 08-9 0:5 ‘CN ‘C'N ‘CN ‘C'N ‘CN £:96 9 S-SI H 

saliag Ayfeysouy ‘NOLLVIOOSSV J TVdsaINaad an 75 


SAATID ALVGd °6 FIEVL 


The soils of the country round Wick 


208 


“noysnomp °O'd 6p ‘UN (“GN Zp ES 9-92 8-1 I€-0 97-0 66-1 GI-E €L €1 vl C9 ZZ HI-vIE 3D 
1810) MOT “BD Jaddn pp ‘UN “GN pp €£$ $48 8-0 0 07-0 L7-Z G6I-E TL vl St Of $9 L272 I6-18 a9 
ULUONBINILS % SIH = Zp ‘UN ‘GN Zp 2-5 LOL O-% 61-0770 €1-I SEE €L ZI SI IZ 69 0-2 95-9 3g 

“Moysnosyy saseq 6] €1-0 LZ-1 8-p 9S I-bL €-7 PIO 91-0 €€1 €0-$ IL €F 91 2% @ % €€-€2 3'g 
a[qeesueyoxe WNIPaW =—_L8 61-0 9F-— 9b £€S LOOP 8-9 O1-0 vI-O €2:0 OOS LL ff O1 wv 99 8-9 SI-S S 

satiag Aeqstued ‘NOLLWIOOSSV AVESINVO MES 
“(8)'q 

pue 3*y ul 'O'g 
1210) Moy ‘'H UL SQ’ 

[2101 YyBIPY *D ut dao 
-xo Hd MoT “| EY Mojaq 

UOHBINIVS % MOT Ep] GN ‘GN 0+ Of S-9 £€-» LO-0 @-0 Il-0 SI-0O> 09 6% It 8€ IS 6-€ IL-I9 e) 
“B%y MOTAQ A MOL ''H 6 ZI GN (“GN O-+ 6% LL 97 LO-0 80:0 40:0 SI-O> SL € OF O07 89 Zh £€h-9E ‘@ 
Uy YsIH HH pue'H Cp ‘UN (“CGN 6-€ Sb LS €-5 60:0 17-0 7-0 SI-O> IS ve Et fb Ib 8p s7-st (8)'@ 
ULeN YsIH “8% y MOT 9¢ p70 ZI-9 S-€ Eb 82% 6% 91-0 17-0 I€-0 SI-0> 9S € St €€ OO S-ZE OI-€ ay 
“QIN MO 'HUIBAL OLIT = p%-1 Lb-Ib O-€ 8-E P-Ol 9-bL 96-0 €I-1 81-€ OF-€ ‘G’'N “GN ‘C'N ‘C'N ‘CN €-PL  €-O1 “H 

W3IH ““H MOPqeD MOT 7ZE =—L0-Z ss OL-0S TE «BE CLT OL-LL «OPO-E «SL-T) «68-9 8E-F “CN ‘CG'N ‘C’N ‘CN ‘CN §-88 8I-SZ 'H 
saliag sioweeig ‘NOILVIOOSSV JUOWAVUd "9S 
eG is 
—=S mg FS Hs & 

BS 2 @g = a = £ > pa Be 2 8B 
syreway 2S 3 5 5 : =e > 5 
Ose 8 g = . So § 3 

we 5 Hd g 3 00I/ aw sajyeredas 5 

suotes 3[qeosueyoxq [!0S 


SSS SS eae SO 
panulnjuor—Ssh2[H Ayeag “6 ATAVL 


209 


Appendices 


“fg mopag §O'd 12101 
MOT “Hoysnoly) Hd 
pur UONeINILS % YSIY 
*(Aeids yes) “gs pue 


'S ULeN YysIH “(sjuau¢¢ ‘dN ‘GN 8:9 6-L OOF 1-0> Sb-0 IT-0 06:0 th-L 08 Of OI 12 69 Lt @I-@l 30/38 
-8e1J [[aYs Jo 2ouasaid Op ‘ON ‘GN 9-9 LL OOT 1-0> €€:0 €1-°0 04:0 09: LL Zt Il 61 OL LI 96-98 30/34 
oanp) ‘spue's ge ‘aN ‘G'N 9-9 9-L OOF 1-0> S€-0 €1:0 €£:0 ZI-L 9 EI WM 8% 8649) 8T OTL-19 30/88 
ule ysis pue's p91 97-0 SL-2 6-9 9-L OOL I-0> Z@I-0 OF-0 79-0 6L:Sh 88 OL Z 9% %L 8:9 9€-SZ ‘s 
UI JUaIUOD ARPS MOTAIBA ZOZ SPO BS-h «6-9 «ZL SOOOT:SCsdT-O> O1-0 Ib-0 18-0 PI-Lp 06 6 I 02 6L O-Il €I-€ 's 
salieg Aeqstued ‘NOILWIOOSSV AVESINVO 6S 
"S mojaq SO'd 
[210] MOT “jnoysnory} 
UONBINIVS % YBIY “3? Vv 
UL MOT B*WUIeN TE ‘aN ‘GN Lb 0-9 L-6 7-0 81:0 I1-0 82-1 7-7 O08 HW 6 61 @L 9-1 @ZI—LOT 89 
MO} ‘S$ UL eN BIH “BD OEE ‘aN ‘GN 8-¢ 0:9 L:¥6 7:0 71:0 40:0 €6-:0 LI-€ O8 I 6 ot 2 S$-1 98-9L 3D 
UL BD MO] “(sjusWIseIy /2°q 
Tl2ys Jo aouasaid ovanp) LZ ‘dN ‘GN T-S €-9 0:96 7-0 €7-0 SI-0 90-1 6€-b SL II 19 a :) | AY A So 
Sule YsIH ‘B*quI ¢€ 81-0 S8-T I:S 0-9 €-S8 9-0 720-0> €0-0 0S-0 LI-€ 06 L € €l 8 Ze ge-8% 3'¥ 
ydaoxa juaqu0d ARID MOT Z9I = 9-0-—s« OO-L—sOO-S_—sd-9 = €-68 «= Z-E «ITO «=ZE-0 L6-Z—SssB-0Z—6BséW € LI 08 )=—0-0@=— SI-S s 
saliag Aeqstued ‘NOILVIOOSSV AVASINVO “gS 


g t a 

pure 8’ y ul °O*d [e301 
MoT “(3)q ur Hd yay 
*(8)q aaoqe Hd MOT 
*(2)q UL UONRINeS % 
y3iH °3'q pueda’ y “HH 
Ul UONBINILS % MOT 
*(3)q Ul eD Ysty ydaoxa 


The soils of the country round Wick 


"H MOQ 2D MOTH OFT ‘aN “UN 8:9 6-9 OOT T-O> €1-0 €1-0 2-1 80-8 99 of v es fb €-€ 8S—8h (8)d 
WeN USIH 'HUIY OP ‘ON “CGN S-¢ 6% 8-8 HS ZI-0 11-0 67:0 SI-0> I9 €@ | 6£ Sb OPE st—SI ag 
pueen ‘SW ‘eOUSIH 7 €Z7-0 9€:5 Ev 8h Ib €-0% 91-0 07-0 05-0 ST-0> £9 0@ cl o€ es S-OF s-0 By 
*(3)q ul qusqUOS Avo MoT LOT 16-0 OP- IE Ih 9% S-OF PLE LE-O 66-0 98:1 8S-I “GN ‘G’N ‘CN ‘CN ‘CN 6-95 e—-€1 "H 
pueiis wasn ust sol OI OL:SS I-b 9-b T-€€ L:6S 8L-€ EF-% OS-IT S8-Tl ‘UN ‘(’°N "CN “C'N ‘C'N £:06 €[-8I 'H 
nT SS ec 
salqeg SIO ‘NOILVIOOSSV OSUNHL 09 
c c 
& S&S : 8 
toro O'H e a ea Bo BS fF ws we 
oe & & ID8) OCH . H >. | N W 2) 2 w Bo Q ews y os 0 - 
a Z a) a “RB “FF 2 $F $28 Sr §g 2) 
—_ - c io - bon J 
SYIeUWDY - 0S 3 eo 5 , ‘ aa > 5 
r 3 rot 2. o g S 
Ow § ad Hd 3 ‘3 O01/'o wW sayesedasg | 3 * 
SUONED ajquadueyoxg 10S 


a LUE EEEEEEESET 


panuyuor—shajD Ayead = “6 ATAVL 


210 


211 


“"H MOTeq ‘O'd 12101 «98 ‘UN ‘UN 6-€ £6 1-69 0-€ 40:0 LI-0 py 9-0 19 12 8 O€ @ 1-% I-16 89 
mo] 3’ y pueHUIHd LL ‘UN ‘GN 8-€ €-S 0-9F L-b €0-0 SI-O €9-€ 81-0 9 1% 8 LE SF OF Isl. =. 8g 
MOTs’ yuluoneinjes [py ‘UN “CGN 6€ SS ¥-6h LE €0-:0 ST-0 67-€ 81-0 09 IZ 61 OF IS O-€ 9S-9€ 3G 
% MOTH MOG MOT LZ 90:0 99-0 8 € Ss 8-€% 1:9 €0-0 STO ILI St-o> 6 6f 2 24 I 9€ St-sI 3'g 
“HUIEN pur swusi OF 11-0 SI- 9-€ 9-b 67% 761 70-0> Z1-0 Sp-0 SI-O> 99 81 If 24% Ls 0-6 OI-0 By 

‘OYsNoIZeO MOT LLE 80-1 €b-IE I-€ bh L-LI 7-8h 85-0 £0 99-9 6€:2 “G'N ‘G'N ‘G’N ‘GN ‘GN €-45 = €~-£€1 H 

sallag 310 ‘NOLLWIOOSSV OSUNHL ; a) 

“Ny mojaq °Q'd [e103 . 

Mop ing 'H Ul ° Od : 

[#101 YSipy °3 gq aacge 
Hd mo’J “8D ul jdaoxa 

*H Mojaq uoneIneEs = 1g ‘aN ‘GN PP ES 9-7 7-8 -O> 71-0 OS: 91-0 7 2 OOF PvE OF £E-% 98-9L Ee) 

% MOT 'Wuridaoxa = ¢¢ ‘UN “GN Zp I-S €-6 6-01 €0:0 ZI-0 v€-0 SI-O> 09 2 81 v€ 8 62 IS-Ibp 4) 
"H mojaq ¥ MOT °3*g 3g 
pues'yur3sy MoT 'H pp ‘TN “CAN bh OS O-T S-IT 2-0> 80:0 0-0 SI-O> 89 O% ZI 8% O89 8€ £€%~-SI 3g 

.  MOPQeDMOT*'Y pue GF ‘aN (“GN 0-6 9-6 S-I ¥-SI 7-0> 71-0 71-0 SI-O> 08 1 2L €& OL S SI-6 ay 
8 ‘HUIEN YBIH 'H UL «p9T) | 40-1 80-81 L-£ bh 6S Tbe LI-O 28-0 7-1 6L:0 “GN ‘C'N “CN ‘C'N ‘CN 8-L€ 8-0 Vv 
3 wWpueen ‘SW ‘eaus, SoZ OZ-E «ETO 9-€ «OE-b pS 8-LIT 60-0 OS-1 OS-b SI-O> G'N “C'N ‘GN ‘C'N ‘CN 0-08 0-8 “H 
5 “Bly Ul UIUC AEP MOT ZOE O1-% w-Sh 9-€ O-F S-SI ¥-L6 8%-Z 6-1 E1-S SS-8 “G'N ‘GN “C'N ‘CN “C'N §-18 8-81 'H 
S 
x salag 810 ‘NOILVIOOSSV OSUNHL 19 


The soils of the country round Wick 


212 


“jnoysnosy) 
SO'dieiormoy‘3s’g gh “GN ‘GN 6-€ I-S 6-bL bl 7-0 27-0 L487 160 69 1% St 6% 9S I:% 16-8 Ee) 
pues’ yuly Moy 3’q = ¥Z ‘UN ‘GN 8-€ 7S S-6S I-% 17-0 81-0 “CLI 16-0 OL OF b %L 65 TT TL-I9 8g 
ulsW MOT “3S?y MOPq 99 ‘C’'N ‘CN hb SS ZSE $2 80-0 1-0 97:0 16:0 be LE 6 St 99 BZSsCOE EE 3g 
eQmoT sq pues'y 97 60:0 O11 8-7 0-9 LIS 7 90-0 ZI-0 9€:0 6 8 6 L €l O08 S-p St%-8I 3'¥V 
“SUI JUDIUOD ARID MOT 16 SZT-0 80-€ 64 65 OS9 Zh E10 SIT-0 89:0 S89 7 Ef § sl LL 6L E€I-€ Ss 
Saag 3UIO ‘NOILWIOOSSV OSUNH.L ‘y9 
‘H 
Mopag OQ! d 1810) MOT 
"dD JMO] puke 87g “EL UL Op ‘ON (“GN 0-6 8-b 8-8L LI 07-0 27-0 60-1 OL-h ve EI El IZ 99 2% 6-8 89 
Hd mo] ‘3’g pue3*y pp ‘UN (‘“G'N €-6 OS 7-08 9-1 07-0 61-0 L7-1 66-4 IL St vr wv 9 $-% P9-€S 8D 
Ul y puke ey MOTH SE ‘UN (‘“G’N I-6 8h 8-LS 9% 60:0 7-0 ¢8-0 @r2 89 OF ZI 6% 6F I:2 9€-8% - 3G 
ULeN pue 3A ‘VD YstH PZ 40-0 SL:‘O0 €-b S$ €-€5 8-1 7-0 60:0 6€:0 ISI “48 9 L 6 v8 pt 8I~8 By 
“Bi ULJUDIUOD ABP MOT OOZ 91-7 B6-PE SE bb TIE 6-7L LS-0 61:1 07-6 SI-7Z ‘'N ‘C'N ‘CG’N ‘C'N ‘C'N 0-SL 9 8-81 H 
Salsag 810 ‘NOILLVWIOOSSV OSUNHL “€9 
cc moO OH F H MY WN BW eo BR FEF F ns cy 
oe SOS g sg 82 2 og OF es YF x 
es # 2 z a F< pT pa Bo YY g 
syrewloy ™S Fi a 5 : : ae > fs 
oe S. g 
ee gs g Hd g 2001/2 WI sayeredag “gs 3 fg 
suoned sqeasueyoxg [!0S 


panuiuoo—ska[Q Aead «96 ATAVL 


213 


“H Mojpaq O'd [e103 
MO’T ‘DS pur (3)' g JaMoy 
ut 3daoxe jnoysnoly} 


Hd mo] “(3)'q pue = LS ‘aN ‘CGN 9-6 -S 8-18 I-T 80:0 @-0 85-1 SOE $9 61 Of OF PF 62 I8-IL re) 
3*y‘Huluoneinjes 69 ‘UN ‘CN €-6 7-§ 6-7 T-€ 10:0 77-0 JLE-I €8-1 .€9 €% 1 O€ 96 8-2 9S—9r (8)'¢ 

% MOT*H MOPGMMOT 7° “AN ‘GN Zb 6-6 8ST 9-€ S00 £10 0S-0 SI-0> 99 IZ €I I€ 99 62 €€-Se (8)'E 
‘8'y pues HUIEN YsIHR = «£9 ‘aN ‘GN I-6 9-6 64 0-8 20-0> SI-0 97-0 SI-O> 85 Ul@ €1 Oh Sb 9b OZ-Ol (8)'¢ 
‘(8)’ qul3sy_ MOT ‘Our OL €€-0 L46-8 bE Th 64 9-E 90-0 €€:0 84:0 79-0 Ss € OO 9 = 6-S1 8-0 ay 
ydaoxa H MOPQeQ MOT IST ZI-1 16-99 Z-E I-b 8-Ol p-SL PO SE-1 ZI-b S%-€ ‘G'N ‘C'N ‘C'N ‘C'N ‘C'N S-€8 = S—SI H 

Salas 810 ‘NOILLWIOOSSV OSYNHL “LO 
“TH Morag 

5O'd [e101 MOT °(3)'g 
aaoge Hd MoT * Fy 

MOTE UOHVINILS O% MO] : 

‘Sy pueWUIeN U3IHH 67 ‘UN ‘GN €-6 OS €-S €-01 91-0 91:0 97-0 SI-O> S9 €% ZI €€ SS 6-€ 8p-se (8)'q 
°(8)'qul3W MOTH 19 ‘dN ‘G’'N 0-6 8-b 8-4 I-01 81-0 b€-0 €-0 SI-O> SS 8% SI OP €b OF O%-0I ay 
MOPG FD MOTH UI Op ‘UN ‘GN S-€ Z-b LL 1-2 LI-O I€-0 4-0 19:0 19 sz OF Ip Sh 6L s-0 ty 
eN pure SW YsIH HUI 99 6S-1 OL-% O-€ 8-€ 8-bl 8-LOI IS-0 €0-€ 17-6 10:9 ‘G'N ‘C'N ‘C'N ‘G‘N ‘CN Z-€8 8-81 *H 
Mpueen ‘SWE uBIH «C€l = 66-€ «EM HH OTE «68-€ «£7 1-56 60-2 #S-€ 66-71 10-01 ‘G'N ‘C'N ‘C'N ‘C'N ‘C'N 0-S8 SZ—-9€ 'H 

Saag 810 ‘NOLLWIOOSSV OSUNHL “99 
"§ mopaq §O%d 
[810] MOT “Jnoysnomp 6€ ‘UN ‘G’N 8-€ €-S $49 $2 2-0 81:0 0-1 SOE 9 6 LE @E IS O-€ L—-¥9 3°q 
8 saseq aiqeasueyoxe 7S ‘UN “CGN 8-€ ZS ZIL $-2 1-0 b1:0 85-0 675 89 SI LI # 6 S-€ &P-8E 3°g 
3 unIpay “3éy pue Op PE-0 LES 8-E HS H-L% LOT 91-0 £7-0 89-0 St-S 8 8 8 vl «88h «9-01 «6ff-Ez BW 
§ SUI juajUOD ARP MOT LET 95-0 60-01 O-$ 6-5 6-5 ES 91-0 17-0 €-I O08 068 L € 6 88 0-02 8I-8 . S 
S 
x saag 810 ‘NOILLVIOOSSV OSUNHL “$9 


The soils of the country round Wick 


214 


*noysnolu) ‘Od 
[2#10} MO'T “ynoysnosy) 


Hd Moy “ynoysnosyy = gE ‘UN “GN LE €-6 S-¥€ 7-46 20-0> €0-€ 64-61 €L-8 ‘C'N ‘C'N ‘C'N “C'N ‘CN 8-06 16-18 'H 
M Mop astmsayio “'H OP ‘aN ‘GN 9-€ €-b 1-07 ¥-¥6 20-0> 99-7 OO'SIT 80:9 ‘UN ‘GN ‘CN ‘CN ‘CN $:96 IL—-T9 ‘H 
UL YB Ioysnom = s ‘aN “GN ¥-€ O-F €-61 SLIT 20-0> €9-% 80:81 7@h-L ‘UN ‘('N ‘CN ‘CN ‘CN 0-48 I¥-0E "H 
BN pues 4st = 78 $8-f €1:0$ €-€ 6-€ -O% $:86 70-0> 86-2 10:91 $%-9 ‘AN ‘GN ‘CN “('N ‘GN ¥-£6  S7—ST ‘H 
“Hpue'HUleOusIH § 6L 9T-€ . BLES £:-€ OF O-L7 6-16 E7-1 148-7 €0-17 6£:8 ‘GQ’'N ‘G’N ‘C'N ‘C'N ‘CN £€-66 €I-€ H 
LVdad LAINVTd 69 
o ‘Bty 
pue Hur SO'd [e301 
MOT ‘NoYysnosY) Hd ; 
MOT S'WUleEN UST ¢Z aN ‘GN 2b 66 I-0€ OST S70 6L:0 OS-€ [6T 89 ZI rat 7 «68S: «€6CdS 68 -6L BV 
NED MOT HUI pF ‘UN ‘GN 6-°€ -h 9-67 L-OFl 09:0 90-9 €h-22 theLI “('N ‘G’'N ‘CN ‘C'N ‘CN 0:98 94-99 ‘H 
WIH THPUeTH'H OTL. LE-T  S@-S$ LE Ub E-ZE T-L71 48-0 @-L $L-62 LS-%% “A'N ‘G'N “CN ‘C'N “CN 7:66 9b-9€° TH 
UL BN pur 3A “2D Y8IH $9 €8-% I7-Lp 9-€° O-b 6-82 T-ZIT Ob-T 99-4 $9-6f [0-41 “G'N “C’N ‘C'N ‘C'N ‘CN 0-98 SI-S 'H 
LVdd LAANV14 89 
c c 
& x ;: 2x 
12m O'H F) so pe FS Ns He 
Ga. ey ON IN INS SO he Oo: oa oe ae Te 
BL Og 9 = 2° £ $5 58 Gre 8 ° 
SyIeW9dY mS a 5 5 : r 23 = S 
< cS 8 =. g g 
Sa 5 5 Hd 8 8001/9 W sayesedas "g 3 se 
SuoT}eD ajqeasueyoxg [fos 


STIOS DINVDYO “OL AITAVL 


215 


‘jnoysnoiyl SO'_d 
[2101 MOT “ynNoYsNoIIY 
Hd #07 ‘sadures om) 


W0}}0q UL UOHBINICS % 7 ‘aN “G’N T€ <-€ §-tl 7-800 20-0> €2:% 96-4 Iv-€ ‘('N ‘G’N..“Q'N “CN ‘CN 8-82 LOT—96 ‘H 
MOTH MOPGYMOT IS ‘ON ‘GN 6:7 8-€ 9-€T 8-901 70:0> 00O-€ £€€-01 9b-€°"G'N ‘CN “GN ‘CN ‘CN 8-18 61-69 'H 
‘Noysnomy) EN pue BAL pL TZ OU MH 6-7 OLE OFLT 9-LTT ZO0-0> 69°€ @%-ST SI-9 “CN ‘CN. ‘CN “CN ‘CN 2-€6 = =9€—-ST "H 
WH 'HUeDYZIH 16 96-7 O€-%F 6-7 8-€ 9-81 9-201 19-0 SPE 9-01 L4L:8 “G'N ‘CN ‘C'N ‘C'N ‘CN 8-86 €I-€ 'H 
LVdd LAANV1d : “TL 
“TH Mopaq $O'd 
Je101 MoT “ynoysnosy} 
Hd mo7 °?H asaddn 
WY MOE ' HUM YSIH = gE ‘UN “CN €-€ O-b €-47 €-86 81-0 Ob-€ €S--% 08-8 “C'N ‘C'N ‘GQ’N ‘C'N ‘G'N 72-78 Z@II-Z01 a | 
“MoysNoIY) BN puke GE QN “GN €-€ O-F 8-SZ7 $-68 81:0 OE . Lb-O0% 96-L “CG'N ‘C'N ‘“C'N ‘C'N ‘CN 6-78 98-92 "H 
8 y3stH “Hepp ip LS: LL-8b ZTE 8-€ ° 7-EC 8-LOI Z0-0> OO-€ 7E-61 LI-Ol ‘GQ°N “('N ‘C'N ‘C'N ‘CN 0:06 9€—-SZ ‘H 
urjdeoxe 8D YsIH [01 96-7 . b8-0S I-€ 8-€ 6-60 8:96 ES-F €1F-€ OO-€% L7-€l ‘AN “('N ‘C'N-'C'N ‘CN 8:56 €I-€ 'H 
LVdd LAANV1d , i TL 

Hy 

pue © Ul 6O'd [e103 

MOT "NOYsnoIYy) Hd 

MOT *' HH UL GONBINIeSs 
% MOTH pue HE gs ‘aN “C’'N 8-€ I[-6 -£% 6-€71 70-0> SO-€ LL:0 68:72 ‘V'N ‘CN ‘CN ‘CN ‘GN §-08 = [8—Iz ‘H 
ULY MOT “INOYsNoIyS —-EF vl-Z be-6h PE 6-E 8-IZ 9-PEL ZO-0> 8L-% 6-02 9L-€1 “'N ‘C'N ‘GN ‘C'N ‘C'N 8-88 Ib—0€ "H 
eN pue sW ‘PD USIH ITT 96-1 9€:0S €-€ L-€ O-vI ZT-p7Z 88-0 PE-€ 89-81 7@-El “GN ‘CN ‘CN ‘C'N ‘C'N 2-26 81-8 'H 


Appendices 


LVdd LAANV1E “OL 


The soils of the country round Wick 


216 


"yy ut ydaoxa °O%g 
]e10] MOT “noYysno1y) 


Hd woy *'H ur3dad 6p ‘UN ‘GN I-€ I-% 7-PT 6-SZE20-0> LS-I 6S-L1 69:1 ‘G'N ‘CN ‘GQ’°N ‘('N ‘CN $§-69 LII-ZIT ‘H 
-X9 UONBINILS Y MOT Lp ‘UN ‘CN O-€ 6-€ O-EI 9-651 20-0> $9-1 $8-LI L7-p “G'N ‘('N ‘(’N ‘G'N ‘CN £-9L ZOI—16 "H 
“"H Mojaq Y MoT 1NG TOS ‘UN ‘GN O-€ 8-€ ZHI E-vyl Z0-0> IL-1 O8-LI 8%- ‘U'N ‘GN ‘CN ‘CN ‘CN 8-08 91-99 ‘H 
UL YBIH “NoYsNoIy ¢6 6-1 Ip-9F 6-7 LE T-Hl I-v71 2-O> €L-1 SS-PI €€-h ‘AN ‘CN ‘GQ’N ‘C'N ‘CN 0°78 IS—I¥ "H 

®N pue 3A Y3IH TEI SO-€ LE-Le 6-2 9-€ 7-91 L801 78-0 OL-I O1-bl Ip ‘G'N ‘GN ‘CN ‘GN “C'N ¥-88 O07—€1 'H 

“SH pue TUreD MOT £6 6c-T pyss O-€ Ib O-PI L101 87-2 69-7 92-6 08-T ‘G'N ‘dN ‘C’N ‘G'N ‘CN 2-86 OI-0 I 

LVdd LOINVTd “pL 
*ynoysnoly} 
5Q°d [810] MOT 

*jnoysnosy) Wd MOT 

“2ET UL UOIVINIES 
Moy “fHioddn pue*H IE ‘UN ‘GN 6:°€ S-b 9-22 €-€O1 71-0 67-€ ST-81 49-8 ‘G°N “CN ‘C'N ‘CG’N ‘Q'N 72:18 I8—-TL ‘H 
uly MoT “HH urydeoxe = €¢ ‘UN ‘GN 8-€ S-b S-1%@ 9-SOI 70-0> €6-7 9@-LE 82:8 ‘G'N ‘CN ‘C’N ‘C'N ‘C'N 2-€8 = I9-TS 'H 
3 Y3IH “MoysnoN) = Tp 08-1 O€:09 8-€ S-b -ET 6-€0I 70-0> 49-2 OL-% IL-8 ‘G('N ‘CN ‘CG'N ‘C('N ‘C'N 1-26 = S@—ST "H 

eN pueeDusIH § 6L @S:t 00:09 L:€ by 7-02 9-601 SL:0 7O-€ ZEST OL-8 ‘G('N ‘CN ‘CN ‘CN ‘CN 2-96 €I-€ 'H 

LVdd LAANVTd “EL 

Cc c 

& Qa: 8 

198 OF & e 3 ea 5S BS FF NS HS 
ea . & ID%) OTH a H | N W 0) ae gL Q De og ar 9 = 
> ¢ z a "= £ pF pe Bo 2 8 
SyIeUIDY 7S a 2 ia} 52 ie 8 

a =? 
Oe sg g yd g . 80ol7aw sayeredas Ps a 2 
suoes sjqeasueyoxg [log 


A SSS SS 


panurjuoI—sfiog 21ue81Q “Ol ATAVL 


217 


Appendices 


. 'H 

ut £O'd [810} MOT “fH 
pue “Hy uly MoT“ H 

UT 8A] YI “NoYsnomy 
@N pure eD YstH 


ZZZ 


‘aN ‘C'N 0 
‘aN “CN L 
‘aN “O'N I 


*D Mojag Od [2103 
MO’T ‘o[dures. 11071}0q, 
utd MOT ‘Dd Mopaq 
8A USI “NOYsnoMN} 


eN pue eo yzIH OD 9 
Ul UIUOS IIS “‘WA'S'N $71 
ysiy pur Ae MOT 09T 


LVdd NISV@ 


€0-ZOI ‘(’N ‘('N ‘C'N ‘CN 
€$-Z7Il ‘AN ‘('N “('N ‘C'N * 


aoom 
Monet 
= MON 
— hone 


€%-¥2 “Q'N ‘('N ‘CN ‘O'N 


19-1 ‘H 
€£—-€7 *H 
sI-s 'H 
‘OL 
96-98 'H 
19-15 'H 
0£—02 e) 
€I-€ Vv 


LVdd NISV 


“SL 


x : 
RX  “G/V Mopsq £0'd [e101 
% MOT “WHoYysnomp) Hd 
£ pue UONeINIeS % MOT . 
S “V MOTAq pues MOT OL ‘UN “ON €-6 9-F 8-F 9-$ %-0> 90:0 0:0 SI-0> 96 ¥ I> §¢ $6- S-1 7El—@21 we) 
& "noYsNoII 2D MOT $9 ‘GN ‘G’N 7h 9b S-T 1-9 7-0> 60:0 2-0> SI-0> $6 S$ I> L £6. 9-1 LOI—96 'D 
is *yNoYsNosy} WUIIU0D 0G ‘GN ‘GN I-v 9b O-T 1-8 20-0> 80:0 70-0> SI-0> I6 $ v 6 48 €:2 = plL—-v9 a 
§ Aep mol“? pue'D Iv] 1-0 @2-I 8-€ I-b L-2 €-8 7-0> IT-0 Z@I-0 SI-0> $8 ol Y I T8 OE Ob OE a/V 
8 Ul JUS}UOO pues USI] LT T€-0 91h TH 9b O8 8:6 H-0 07:0 CO SI-0> 7 at L 6I bL 6:L O%—OI Vv 
3 
a (pouresp 4]92]J) WNIANTIV “BL 
S 
3 
i) *‘noysnoIy *O%g 
2 1210} Moy “NoYsnoIy) 
NS UONBINILS O% MOT 
*ynoysnosy) Y pue 3] 
‘BQ MoT INoysnoy = Be ‘GN (“CGN L-¥ OS S-T O-€F 7-0 90-0 TI-0 ST-0> 66 I> if I> 66. 7 [6-18 o 
U9]U09 ARID MO] «OE ‘ON “GN Lb €-S CL-I OTL 70-0 90:0 I1-0 ST-0> 66 I> I I> 66 6-0 I¥-0F o 
AJOA pue pues ysTy AIOA GE p00 65:0 Sb @S 8-€ S-L 80:0 $00 LEO SI-0> 66 I> if I> 66 I 8-0 3 
SXNIT ‘LL - 
Cc c 
& fs 8 
19RD OF & e a wm 5S BS F NS ws 
og si & 2) OTH a H >| N W 1) 5 y 3 y) fe) Sie oe = & v ee 
BS 2 s, E a °F &£ >> pa ED 8 § 
syreursy mB 8 5 5 : oa 6 8 
® ° = 
Ow § 5 Hd g “8001 /‘2°u saeredag -g 38 . 


suones ajqeesueyoxg [los 


218 


STIOS SQNOAUNVTTHOSIN “Il AIVL 


‘ty pue "HU SO'd 
18101 YstH *¢H Ul uoLe 


219 


“INES % MOTH MOT SEE ‘UN 6-6 HS 6-€5 8:£% 70-0> 8€-0 L-% 89--2 C'N ‘UN ‘CN ‘CN ‘CN 69-85 
-3q YMOT INoYsNoN spl ‘UN 8S 7:9 9-19 LPT 20-0> S%-0 L472 PII 9L %7 -9 6-02 95—-9r 
eN USIH SH ULSI OE ‘aN IS 6-S I-@ €-€€ 70-0> 0S:0 0-€ 69:02 ‘GQ'N ‘CG'N ‘CN ‘C'N ‘CN 0-Z2€  Ib-9E 
USIH **H MOjaq BD YBIT SZ 6y-LT Eb 6b SP 9-EL L7-0° 2-0 S89 67-91 ‘Q'N ‘GUN ‘CN ‘CN ‘CN 9-76 €—-SZ 
*T) UL ]UBIUOS ABJD MOT 9EZ SS:b% Ib 8b 6-IL 8-19 16-0 08-0 40-7 8I-S “C'N ‘(°N ‘CN ‘C'N ‘CN L-Lb 81-8 
WOIANTIV—LVad 
3D 
ul §Q¢q [e101 Mo’] *' Vv 
ul Hd MO7y *!y Moyaq 
3M MO’T ‘3D ul yda0xa 
'y mo[aq WN Y3IH '3°q 66 ‘aN 7S 6S ZIl 20-0> 07-0 80-1 96-€ 49 £2 7OI—-16 
aaoge &D ystH “3'g «pl ‘dN 65 0-9 9-11 €00 47-0 CLI OL €9 8 L 19-1 
pue 3'q ‘'yusqUaqUu0d = 99] ‘UN 8S 7-9 $01 €0-0 SZ7-0 98:1 270-6 7 wl% 8 9E—S7Z 
Avo Moy ‘8% Ula «CTT O8-€ SS 6-5 6:6 80:0 SE-0 ZI-% wil Se Le ft €7—E1 
“u0d IIS "W''S'NUSZIH ZI 16-8 S-b BY T-€2 #2-0 90-0 69:2 SS-LI €§ 9% 9 8-0 
(pouteip AjJ00d) WHIANTIV 
“gq MOTag YW pueey gil ‘AN S-h LS TZ €0-:0 ITO “£6-0 8%-2% 49 € O-€ 16-18 
MOT ‘(8)D Joddn pue “gq p01 ‘aN tp S-S O-1 70-0 I1-0 €$:0 €f:% 9 9% €-€ 69-85 
“g Ul JUaIUOD ABP MOT ETT ‘UN €-b §-S vl 0-0 60:0 2-0 Let 69 2 6-€ 9P—-9E 
‘(8)9 Jaddn pue g ulqua3 —Q0Z St-€ 8b 0-9 Z7-% «1-0 P10 14-0 LS-r 09 62 €-L  Ov-Ol 
UOd TIS Was nustH ZI ZOE 2S 9 yl 7-0 7-0 ET S8-9 65 O€ 9-2 SHI 


Appendices 


(pourerp Apoajzaduit) WAIANTIV 


The soils of the country round Wick 


220 


*D pure 'D ut °O%g [e103 
MOT '*D pur 'D ul Hd 
pue uoneinyes o% Ys 

“TH ul ydooxa y MOT Hy 


pue 'HUIeN USI Hog ‘ON “ON tL 78 O01 T-0> 20-0> 17-0 LIE LE-vS 19 9€ € 8 6€ O€ ¢€Ez-8r ze) 
UL 3A Y8IH “InoYysnoIy) = ¢ ‘UN "CN €-L 7:8 O01 1-0> 20-0> 27-0 €9-€ LB-9E1 ZS LE L 65 O€ O-8 €I-€ (ueW) 
BD YysIH **D pue '9 
'DUrIUOIUOD AED MOT Zot —«18-Z _00-0$_ IS FS E19 w- ES ZO-O> BPI 64-5 @L-7Ol “('N “CN ‘CN ‘CN ‘C'N 6-€6 = SSI H 
PUBIIS"W'G'SUBTH S9Z—BB-Z 08-09 OS ZS HS 6S SLO IS-l OL-b SE-IS ‘GN ‘O'N ‘CN ‘U'N ‘C'N 6:66 81-82 'H 


oo eee 


WNIANTTIV—LVdd ‘t8 
ant Cc 
ca Gece) ee Cg 
da 8 gs OOOH F H XY N BW x ER ES 2 us ae 
Be 2 06 s Se SE g SE Pe ge F & 
syreUlay mS 5 5 CO ee ee. Oe z 

‘ 98 } = Qo” 2 3 
Oe 3 5 Hd g ‘3 00L/‘a'w sajeredag aa] 3 ad 

sUuONeD a1qvesuRYyoxy [os 


-_- eee 


Panuyjuor—spiog snosueyjaostw “Tl ATAVL 


APPENDIX IV 


Mineralogical Data 
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MINERALS IN THE FINE SAND FRACTION (75-150 ») 
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APPENDIX V 
Extraction Data 


TABLE 14. AMOUNTS OF SILICON, ALUMINIUM AND IRON OXIDES 
EXTRACTED BY DITHIONITE-BICARBONATE 


Association Series Profile No. Horizon Si0,% Al,O;% Fe,0,% 
Berriedale Ramscraigs 6 S 0:27 0:16 0-92 
B, 0-12 0-22 0-96 

B/C 0-16 =—-0-34 1-60 

B,/C 016 ~—-0-30 1-88 

Knockally 54 H 0:28 0:04 0:68 

Aig <0-02 0-12 <0-02 

A228 0-08 0-24 <0-02 

Big 0:24 0:26 1-00 

B,(g) 0-22 0:31 2-32 

B,(g)/C(g) 0°30 . 0-41 3-60 

Braemore Cam-leathad 39 A(g) 0-32 «0-20 3-28 
Bog 0-24 0:24 2°96 

B,(g) 0-12 0:26 2:16 

Cc 0:24 0-28 2:64 

Countesswells Countesswells 8 H 1:48 0-10 0-28 
A, 0-20 0-06 0-24 

A/B 0:08 0:34 2:92 

B; 0:24 0:66 3-88 

Cc 0-14 0-32 1-76 

Dunnet Dunnet 27 H 0:40 0-12 <0-02 
Aj g 0:12 0:06 <0-02 

A/B <0-02 0-12 <0-02 

B, 0:16 0-18 2°16 

B, 0:04 0-18 1-28 

Cc <0-02 0-12 0-16 

Durnhill Scraulac 19 H 0:24 0-08 0-08 
Az 0-12 0:07 0-20 

An? 0-12 0-08 0-48 

A/B <0-02 0-24 1-76 

B/C 0:08 0-18 0-60 

Fraserburgh Fraserburgh 1 H <0-02 0:04 0:04 
A <0:02 0-04 0-04 

B <0-02 0:06 <0-02 

Cc 0:04 0-04 <0-02 

Whitelinks 35 A 0:08 0-04 0:04 

B(g) <0-02 0-08 <0-02 

Cg <0:02 <0-02 <0-02 

Cg <0:02 0-16 <0-02 

D <0-02 0-12 <0-02 
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TABLE 14—continued 


Strichen Fungarth 5 Ss 0:56 0-16 2-48 
B, 0-12 0-47 2:44 

B; 0-08 0-33 1-12 

Cc, 0:06 0-30 0-96 

C; 0:08 0:46 2-40 

Gaerlie 29 H 0-32 0:06 <0:02 
Aog <0-02 0:06 <0-02 

B,/B; 0:12 0-45 2-80 

B,/B; 0-16 0°53 2-84 

C/D 0-16 0-45 3:36 

Thurso Bilbster 18 S 0-24 0-13 0-56 
(deep phase) B, 0:08 0-29 1-92 
B;/C 0:08 0-29 1-56 

Cc 0:24 0:48 1-08 

Camster 34 H 0°56 0-03 0:64 
(deep phase) Aig 0:04 0-08 <0-02 
B, 0:04 0:40 2-08 

B, 0:04 0:20 1:48 

B, 0:04 0:26 0-92 

Cc 0:06 0-22 0-80 

Olrig 62 H 0-44 0-05 <0-02 
Arg <0:02 0°18 <0-02 

Bog 0:08 0-18 0°16 

Bg 0-44 0-30 1-12 

Cg 0:28 0:34 2-16 
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The soils of the country round Wick 


TABLE 15. AMOUNTS OF CARBON, ALUMINIUM OXIDE AND IRON OXIDE 
EXTRACTED BY PYROPHOSPHATE AND AMOUNTS OF IRON 
OXIDE (RESIDUE) EXTRACTED BY DITHIONITE-BICARBONATE 


Association 


Berriedale 


Braemore 


Countesswells 


Dunnet 


Durnhill 


Fraserburgh 


Profile Cc 
Series No. Horizon %G 
Ramscraigs 6 S 0-99 
; B, 0-38 
B,/C <0-05 
B,/C <0-05 
Knockally 54 H 4-40 
Ang 3-59 
A228 0-54 
Bog <0:05 
Bg <0-05 
B,(g)/C(g) <0-05 
Cam-leathad 39 A(g) 2°21 
Big 0-28 
B;(g) <0:-05 
Cc <0-05 
Countesswells 8 H 3-18 
A, 1:00 
A/B 2-88 
B; 1-83 
Cc 2:04 
Dunnet 27 H 1:47 
Aig 0:27 
A/B 1:29 
B, 0-27 
B; <0°05 
Cc <0-05 
Scraulac 19 H 0:97 
Az, 0:07 
Aj? <0-05 
A/B 1-21 
B/C 0-07 
- Fraserburgh 1 H 0-56 
A 0-22 
B <0-05 
Cc <0-05 
Whitelinks 35 A 0:22 
B(g) <0-05 
Cg <0-05 
Cg <0-05 
D 0-09 
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Appendices 


TABLE 15—continued 


Fungarth 


Strichen 


Gaerlie 


18 


Bilbster 


Thurso 


(deep phase) 


34 


(deep phase) 


Camster 


0:30 
0-53 
0:94 


0:26 <0-03 
0:06 <0-03 


0:13 


0-11 
0°13 


62 


Olrig 


226 The soils of the country round Wick 
TABLE 16. AMOUNTS OF SILICON AND ALUMINIUM OXIDES EXTRACTED 
BY COLD CARBONATE. 
Association Series Profile No. — Horizon SiO, % Al,O; % 
Berriedale Ramscraigs 6 Ss 0-04 0-19 
B; 0-06 0-28 
B;/C 0:17 0-19 
B,/C 0-08 0-10 
Knockally 54 H 0-06 0-45 
Arig <0-02 0-50 
Aik 0-06 0-22 
B,g 0-14 0-13 
B,(g) 0-24 0-17 
B,;(g)/C(g) . 0-20 0-07 
Braemore Cam-leathad 39 A(g) 0-06 0-28 
Big 0-06 0-15 
B,(g) 0-06 0-07 
0-14 0-09 
Countesswells Countesswells 8 H 0-30 0-33 
A, 0-02 0-19 
A/B <0-02 1-55 
B, 0-26 4°55 
Cc 0-16 1-74 
Dunnet Dunnet 27 H 0-20 0-11 
Aig 0-04 0-02 
A/B <0-02 0:46 
B, <0-02 0-11 
B, <0-02 0-13 
¢ 0-02 0-11 
Durnhill _ Scraulac 19 H 0-34 0-08 
Ai 0-16 <0-02 
Anz 0-06 <0:02 
A/B 0-04 0:24 
B/C 0-06 0-28 
Fraserburgh Fraserburgh i H 0-28 0-04 
A 0-02 0-02 
B <0-02 0-02 
Cc 0-11 0-07 
Whitelinks 35 A <0-02 0-02 
Big) 0-06 0-02 
Cg <0-02 0-02 
Cg 0-11 0:02 
D 0-04 0:06 
Strichen Fungarth 5 S 0-02 0:40 
B, <0-02 0-37 
B, 0-08 0-43 
Cc, 0-12 0:36 
Cc, 0-07 0:26 
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TABLE 16-continued 
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Gaerlie 29 

Thurso Bilbster 18 
(deep phase) 

Camster 34 
(deep phase) 

Olrig 62 
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Soo e908 
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TABLE 17. FLUORIDE REACTIVITY 


The soils of the country round Wick 


Association Series Profile No. Horizon OH™— me/100 g 

Berriedale Ramscraigs 6 S 29 
B, 29 

B;/C 13 

B,/C 35 

Knockally 54 H — 
Arig 34 

Ai28 23 

Big 31 

B,(g) 28 

B,(g)/C(g) 31 

Braemore Cam-leathad 39 A(g) $2 
B.g 23 

B,(g) 21 

21 

Countesswells Countesswells 8 H 13 
A, 17 

A/B 86 

B, 206 

Cc 107 

Dunnet Dunnet 27 H = 
Aog 10 

A/B 20 

B, 19 

B, 22 

Cc 18 

Durnhil! Scraulac 19 H _ 
Ad 22 

A? 12 

A/B 28 

B/C 43 

Strichen Fungarth 5 S 33 
B, 50 

B, 52 

Cc, 52 

Cc, 50 

Gaerlie 29 H _ 

Ag 18 

B,/B; 62 

B,/B; 68 

C/D §2 

Thurso Bilbster 18 N 35 
(deep phase) B; 53 

B,/C 37 

Cc 14 
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TABLE 17—continued 


Camster 34 H —_ 


(deep phase) ; A2g 27 
B; 56 

B; 42 

B; 38 

Cc 40 

Olrig 62 H 18 
Avg 1 

Big 32 

B3g 27 
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ac APPENDIX VII 
Plant Communities 


Floristic Tables (28—44) 


Tables of relevés of plant communities recorded in Sheets 110 and 116. 

The relevés have been abstracted from the tables of the ‘Plant Com- 
munities of the Lowland and Southern Upland Regions of Scotland’ (Birse 
and Robertson, 1976). All the character species and the relevant differential 
species are quoted from those tables, but only the companion species 
with constancy greater than 20 per cent are listed, unless they actually 
occur in the Caithness relevés. The cover/abundance of species is given 
in the Domin scale; (X) indicates a species outside the relevé but considered 
part of an association; [ ] indicates that two or more species share the 
same cover/abundance value in a relevé. Presence within the communities 
is given by the scale:— 


Constancy Class V—80-100% 
IV—60- 80% 

IH—40— 60% 

II—20— 40% 

I— 0- 20% 


A code number is given alongside each association or community name 
to provide brevity of reference to communities in the tables of environ- 
mental factors and soil analysis in the second half of the appendix. 

The nomenclature of the vascular plants is that of Clapham, Tutin and 
Warburg (1962), of mosses that of Warburg (1963), of liverworts that of 
Paton (1965) and of lichens that of James (1965). 


TABLE 28. 

Class: Cakiletea maritimae Tx. et Prsg. 1950 
Order: Cakiletalia maritimae Tx. apud Oberd. 1949 
Alliance: Salsolo-Honkenyion peploidis Tx. 1950 


Association: Mertensio-Atriplicetum laciniatae (Nordhagen, 1940) Tx. 1967—CM I 


Association character species 


Atriplex laciniata (x) 
Alliance character species 

Salsola kali e 
Order character species 

Cakile maritima 7 
Companion species 

Ammophila arenaria 1 

Elymus arenarius (x) 

Agropyron junceiforme 3 

Number of species per relevé: 5 


Site Serial Numbers: 1—68017 
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TABLE 29. 
Class: Ammophiletea arenariae Br.—Bl. et Tx. 1943 
Order: Ammophiletalia arenariae Br.—Bl. (1931) 1933 
Alliance: Agropyrion junceiformis Pignatti 1953 
Association: . Elymo-Agropyretum boreo—atlanticum Tx. (1937) 1967—AA 1 
1 Constancy Class 
Association character species 
Agropyron junceiforme 4 Vv 
Association differential species 
Elymus arenarius (x) Ul 
Order/Class character species 
Ammophila arenaria 3 Ul 
Companion species 
Cakile maritima x Ill. 
Atriplex laciniata e : II 
Honkenya peploides I Il 
Tussilago farfara (x) II 
Number of species per relevé: 6 


Site Serial Numbers: 1—68018 
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TABLE 30. 

Class: Ammophiletea arenariae Br.—BI. et Tx. 1943 
Order: Ammophiletalia arenariae Br.—Bl. (1931) 1933 
Alliance: Ammophilion borealis Tx. (1945) 1952 


Association: Eltymo-Ammophiletum Br.—BI. et De L. 1936—AA 2 


Association character species 
Elymus arenarius 


Subassociation with Festuca rubra 


arenaria-differential species 
Festuca rubra 
Festuca rubra arenaria 
Hypochoeris radicata 


Alliance/Order/Class character species 


Ammophila arenaria 
Companion species 
Poa pratensis 
Senecio jacobaea 
Cirsium arvense 
Bryum pendulum 
Taraxacum officinale 
Holcus lanatus 
Agropyron junceiforme 
Galium verum 
Ceratodon purpureus 
Achillea millefolium 
Brachythecium albicans 
Rhytidiadelphus squarrosus 


Pseudoscleropodium purum 


Brachythecium rutabulum 
Eurhynchium praelongum 
Angelica sylvestris 
Sonchus arvensis 
Potentilla anserina 
Ligusticum scoticum 
Dactylis glomerata 
Rhytidiadelphus triquetrus 
Lophocolea bidentata 
Peltigera canina 
Ranunculus acris 

Cirsium vulgare 
Centaurea nigra 
Heracleum sphondylium 
Plantago lanceolata 

Bellis perennis 
Acrocladium cuspidatum 
Mnium undulatum 
Cerastium sp. 

Bryum sp. 

Taraxacum spectabile 
Vicia sepium 


Number of species per relevé: 


1 


6 


_ 
o 


Site Serial Numbers: 1—6803 1; 2—68016; 3—68074 
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TABLE 31. 


Class: Sedo-Scleranthetea Br.—Bl. 1955 

Order: Festuco-Sedetalia Tx. 1951 

Alliance: Koelerion albescentis Tx. 1937 

Association: Euphrasio-Festucetum arenariae Géhu et Tx. MS.—FS 1 


1 2 3 


Association differential species 
Viola tricolor 
Gentianella campestris 
Euphrasia spp. 
Bellis perennis 
Ranunculus acris 
Alliance character species 
Galium verum 3 
Festuca rubra 5 
Festuca rubra arenaria ° 
4 
e 


Koeleria cristata 
Tortula ruraliformis 
Order character species 
Carex arenaria ° 3 
Cladonia rangiformis x e 
Vicia lathyroides 
Companion species 
Poa pratensis 
Plantago lanceolata 
Cerastium holosteoides 
Lotus-corniculatus 
Hylocomium splendens 
Luzula campestris 
Ammophila arenaria 
Rhytidiadelphus squarrosus 
Senecio jacobaea 
Trifolium repens 
Hieracium pilosella 
Climacium dendroides 
Agrostis tenuis 
Pseudoscleropodium purum 
Rhytidiadelphus triquetrus 
Thymus drucei 
Anthoxanthum odoratum 
Campanula rotundifolia 
Holcus lanatus 
Linum catharticum 
Peltigera canina 
Veronica officinalis 
Dicranum scoparium 
Cirsium arvense 
Achillea millefolium 
Ranunculus bulbosus 
Mnium undulatum 
Brachythecium albicans 
Heracleum sphondylium 
Equisetum arvense 
Viola riviniana 
Prunella vulgaris 
Carex flacca 
Selaginella selaginoides 
Carex nigra 
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1 2 3 
Thuidium tamariscinum 1 ° ° 
Fissidens osmundoides 1 ° ° 
Frullania tamarisci 1 ° ° 
Carex pulicaris 1 ° ° 
Sonchus arvensis ° x ° 
Potentilla anserina ° 1 ° 
Taraxacum officinale ° x e 
Lophocolea bidentata e 2 ° 
Filipendula ulmaria ° ° 1 
Lathyrus pratensis ° . 1 
Polygala sp. ° ° (x) 
Rhacomitrium fasciculare 1 ° ° 
Number of species per relevé: 38 33 32 


Site Serial Numbers: 1—68034; 2—68032; 368015 
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TABLE 32 


Class: Parvocaricetea (Westhoff, MS.) Den Held et Westhoff 1969 

Order: Caricetalia nigrae W. Koch 1926 

Alliance: Caricion curto-nigrae W. Koch 1926 em. Nordhagen 1936 
Carex echinata—Carex panicea community—CN 1 


1 Constancy Class 
Alliance character species 
Carex echinata 1 Vv 
Viola palustris 1 Vv 
Ranunculus flammula x IV 
Agrostis canina canina 3 IV 
Order character species 
Carex nigra 4 Vv 
Class character species 
Carex panicea 7 Vv 
Eriophorum angustifolium ° IV 
Carex pulicaris 5 IV 
Carex dioica ° Ill 
Hydrocotyle vulgaris ° Ill 
Campylium stellatum 1 Ill 
Carex hostiana 5 Ill 
Juncus articulatus ° I 
Triglochin palustris ° Il 
Pedicularis palustris ° I 
Pinguicula vulgaris ° H 
Companion species 
Potentilla erecta 5 Vv 
Anthoxanthum odoratum 1 Vv 
Rhytidiadelphus squarrosus 3 Vv 
Juncus squarrosus ° IV 
Nardus stricta 4 IV 
Juncus bulbosus x IV 
Holcus lanatus 1 IV 
Pseudoscleropodium purum 1 IV 
Acrocladium cuspidatum 1 IV 
Hylocomium splendens 3 IV 
Mnium undulatum (x) IV 
Carex flacca ° lll 
Succisa pratensis ° Hl 
Luzula multiflora ° Ill 
Galium saxatile xX Ill 
Aulacomnium palustre ° Ill 
Equisetum palustre 1 III 
Ranunculus acris 1 HI 
Lophocolea bidentata ° Tl 
Riccardia multifida ° HI 
Leontodon autumnalis x HI 
Thuidium tamariscinum 2 Ill 
Salix repens ° Il 
Juncus effusus ° II 
Erica tetralix ° II 
Dicranum bonjeanii ° Il 
Hypnum cupressiforme ericetorum e Il 
Festuca rubra e I] 
Prunella vulgaris ° Il 
Dactylorchis maculata ericetorum e Il 
Brachythecium rivulare ° II 
° vat 


Bryum pseudotriquetrum 
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1 Constancy Class 
Plantago lanceolata md II 
Calluna vulgaris ° II 
Selaginella selaginoides e Il 
Polygala serpyllifolia ° I 
Rhinanthus minor ° II 
Mnium punctatum e II 
Mnium hornum ° Il 
Calypogeia fissa e Il 
Sphagnum recurvum e bat 
Polytrichum commune ° II 
Molina caerulea 4 II 
Festuca ovina 3 II 
Poa pratensis 1 I 
Agrostis tenuis 2 II 
Deschampsia cespitosa 1 Il 
Luzula campestris 1 II 
Trifolium repens 2 II 
Taraxacum sp. x Hl 
32 : 


Number of species per relevé: 


Site Serial Numbers: 1—68067 
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TABLE 33. 


Class: ‘Parvocaricetea (Westhoff, MS.) Den Held et Westhoff 1969 
Order: Tofieldietalia Prsg. apud Oberdorfer 1949 
Alliance: Eriophorion latifolii Br.—Bl. et Tx. 1943 

. Schoenus nigricans community—T 2 


1 ’ Constancy Class 
Community character species 
Schoenus nigricans 6 Vv 
Alliance/Order character species 
Campylium stellatum 7 V 
Fissidens adianthoides 3 Vv 
Carex pulicaris 4 Vv 
Carex hostiana (x) IV 
Drepanocladus revolvens intermedius x IV 
Pinguicula vulgaris x ' IV 
Parnassia palustris 1 IV 
Triglochin palustris 1 ll 
Eriophorum latifolium ° af 
Carex lepidocarpa 2 Il 
Class character species 
Carex panicea § Hl 
Eriophorum angustifolium 3 Ill 
Pedicularis palustris ° Ill 
Juncus articulatus e 1 
Carex nigra ° II 
Hydrocotyle vulgaris ° II 
Companion species 
Succisa pratensis 3 Vv 
Ctenidium molluscum ° IV 
 Potentilla erecta ° IV 
Molinia caerulea 4 IV 
Selaginella selaginoides (x) IV 
Erica tetralix ° Iv 
Festuca ovina e IV 
Carex flacca e Ill 
Acrocladium cuspidatum e Ill 
Calluna vulgaris ° Il 
Hypericum pulchrum ° IH 
Prunella vulgaris e Ill 
Pseudoscleropodium purum ° HI 
Hylocomium splendens e Il 
Rhytidiadelphus triquetrus e 190, 
Festuca rubra e II 
Nardus stricta e Ill 
Juncus bulbosus 1 Ill 
Calypogeia fissa e Ill 
Riccardia multifida « Hl 
Agrostis stolonifera ° III 
Equisetum palustre ° Il 
Dicranum bonjeanii ° Il 
Bryum pseudotriquetrum ° Il 
Pedicularis sylvatica 2 II 
Scorpidium scorpioides 4 18 1 
Number of species per relevé: 18 


Site Serial Numbers: 1—68091 
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TABLE 34. 


Class: Molinio-Arrhenatheretea Tx. 1937 
Order: Molinietalia W.Koch 1926 
Alliance: Calthion palustris Tx. 1937 

Juncus effusus communities—M 2, M 3 


Ranunculus repens-Juncus effusus 


differential species 
Poa pratensis e 
Anthoxanthum odoratum e 
Agrostis tenuis e 
Festuca rubra ° 
Ranunculus repens ° 
Juncus effusus-Sphagnum recurvum 
differential species 
Sphagnum recurvum e 1 7 
Polytrichum commune eo 8 6 
Acrocladium stramineum o 2 
Alliance character species 
Juncus effusus 7 8 ° 
Order character species 
Deschampsia cespitosa 1 e ° 
Cirsium palustre eo e e 
Achillea ptarmica e x ° 
Equisetum palustre ee (x) 
Angelica sylvestris ° e ° 
Class character species 
Rumex acetosa (x) 1 1 
Holcus lanatus 2 2 (x) 
Ranunculus acris x 3 ° 
Poa trivialis oe ° 
Cardamine pratensis e 1 ° 
Trifolium repens 4 1 ° 
Prunella vulgaris eo @ ° 
Cerastium holosteoides ee ® 
Companion species 
Galium saxatile 5 3 2 
Agrostis canina canina e 4 3 
Lophocolea bidentata 3 3 3 
Holcus mollis ee e 
Eurhynchium praelongum 2 6 1 
Rhytidiadelphus squarrosus 4 5 2 
Viola palustris 4 5 ° 
Carex nigra 1 $ ° 
Mnium undulatum 3 5 e 
Hylocomium splendens 8 6 x 
Brachythecium rutabulum eo e e 
Luzula multiflora 2 1 ° 
Thuidium tamariscinum 5 6 ° 
Potentilla erecta 1 e ° 
Carex echinata_ ° (@) © 
Plagiothecium undulatum e 8 3 
Aulacomnium palustre oe 1 
Agrostis canina montana 7 e ° 
Carex ovalis 3 Oe e 
Nardus stricta 3 Oe ° 
Polytrichum alpinum 2 ° 
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1 2 3 
Carex panicea * 3 e 
Festuca ovina °* -(@) e 
Acrocladium cuspidatum oe 2: ° 
Taraxacum sp. ° 1 . 
Sphagnum palustre ee 3 
Sphagnum squarrosum ° ° 2 
Number of species per relevé: 24 (27 17 


Site Serial Numbers: !—68070; 2—68064; 3—68002 
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TABLE 35. 

Class: Molinio-Arrhenatheretea Tx. 1937 
Order: Arrhenatheretalia Pawlowski 1928 
Alliance: Cynosurion cristati Tx. 1947 


Association: Lolio-Cynosuretum (Br.—BI. et De L. 1936) Tx. 1937—A 1 


1 2 3 4 ~~ Constancy Class 


Association character species 


Trifolium repens 5 6 8 9 Vv 
Cynosurus cristatus 6 4 5 (x) IV 
Leontodon autumnalis 3, 2X.° “@2 ve II 
Senecio jacobaea 2 -@ -@: © Il 

Luzula campestris subassociation- 

differential species 
Luzula campestris ° Il 
Lotus corniculatus ° II 
Rhytidiadelphus squarrosus e II 
Ranunculus bulbosus ° II 

Typical subassociation—differential 

species 
Ranunculus repens - 8 @# 12 IV 
Poa annua eo ee @ 13 oat 
Phleum pratense ° e © |(x) “Il 
Rumex obtusifolius oe e @ Le Il 

Order character species 
Bellis perennis $5 6 ® § Ill 
Dactylis glomerata x 2 ¢ 4 Ill 
Veronica chamaedrys o e ee 8 II 
Taraxacum officinale e 2 ¢e °® I 
Trifolium dubium >. e ee I 
Trisetum flavescens oo e ee ¢@ I 
Arrhenatherum elatius o e e e@ I 

Class character species 
Holcus lanatus 1 3 4 x Vv 
Cerastium holosteoides 1 1 2 01 Vv 
Poa trivialis e 5 4 5 Vv 
Lolium perenne 2 6 3 6 IV 
Festuca rubra 8 6 5 ® IV 
Poa pratensis 3 5 5 ® IV 
Plantago lanceolata 6 3 ¢ ® IV 
Achillea millefolium 2 2 ¢ « II 
Prunella vulgaris e* @ ¢* @ Il 
Rumex acetosa ' ee 8 Ue II 
Ranunculus acris 1 1 ¢ °® Il 
Plantago major ee e ee ¢ Il 
Veronica serpyllifolia * 8 2 #& I 
Trifolium pratense oe e © (Xx) I 
Centaurea nigra « x ©# @ I 
Achillea ptarmica o e ee @ I 
Agrostis stolonifera 4 1 e¢ @ I 
Lathyrus pratensis « e ee I 
Deschampsia cespitosa - e e e I 
Juncus effusus o e ee e@ I 
Festuca pratensis -_ e ee e@ I 
Heracleum sphondylium ee e ee e@ I 
Cirsium palustre oe 0, e —6 I 
Potentilla anserina oe e e ¢ I 
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TABLE 35.—continued 


1 2 3 4 = Constancy Class 
Companion species 
Agrostis tenuis oe F 8 IV 
Anthoxanthum odoratum oo 6©« 4 @ Ill 
Brachythecium rutabulum 3 3 ¢« » Il 
Cirsium vulgare © (x) x (&) II 
Eurhynchium praelongum o e 1 @ II 
Cirsium arvense « e e x i 
Sagina procumbens eo e« § 3 Il 
Mnium undulatum * 1 6 °¢ I 
Lophocolea bidentata 3 °° x °@ I 
Equisetum arvense e 3 ¢ @¢ I 
Galium verum 3 e « I 
Festuca ovina. « e« 3 I 
Thuidium tamariscinum oe e¢ x @ I 
Polytrichum juniperinum o e©¢ x @ I 
Hylocomium splendens o ee 1 @ 1. 
Agropyron repens ee 1 ¢ @ I 
Carex sp. 4 e e I 
Medicago lupulina 6 ¢* e* @ I 
Mnium cuspidatum 8 e* e* @«@ I 
Euphrasia sp. x © @ @ I 
Number of species per relevé: 24 25 22 15 


Site Serial Numbers: 1—68073; 2—68072; 3—68024; 4—68057 
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TABLE 36. 

Class: Nardo-Callunetea Prsg. 1949 
Order: Nardetalia Prsg. 1949 

Alliance: Nardo-Galion Ssaxatilis Prsg. 1949 


Association: Achilleo-Festucetum tenuifoliae Birse et Robertson 1976—N 3 


y 


1 2 3 4 § Constancy Class 


Association character species 


Veronica officinalis oe e @ @ 1 IV 
Association differential species 
Viola riviniana ee 1 © (x) IV 
Trifolium repens x © J ¢ 3 IV 
Achillea millefolium 4 2 2 5 2 IV 
Holcus mollis subassociation- 
differential species 
Holcus mollis (x) © © © [3 II 
Pteridium aquilinum oe e e II 
Alliance character species 
Galium saxatile 5 5 3 6 5 v 
Polygala serpyllifolia _e@ @ x 2 e 9 | 
Juncus squarrosus oe e e# e@ I 
Order character species 
Nardus stricta Oo 2. OK oe II 
Class character species 
Potentilla erecta 17 4 ¢ § Vv 
Hypnum cupressiforme ericetorum @ «2+ wd 2. .@ IV 
Carex pilulifera © (x) 4 2 (x) Hl 
Sieglingia decumbens * 3 ¢ 5S e Ill 
Calluna vulgaris * ee x © @ Ill 
Luzula multiflora e [44 © 3 e II 
Ptilidium ciliare oe e e Il 
Carex binervis « e e e e I 
Erica cinerea so e« e e e I 
Companion species 
Agrostis tenuis 6 7 67 7 Vv 
Anthoxanthum odoratum 5 § 5 § 5 Vv 
Rhytidiadelphus squarrosus 6 4 4 4 § v 
Festuca ovina 7 5 7 7 6 Vv 
Luzula campestris 2 [44 3 © 4 Vv 
Hylocomium splendens 8 8 8 8 7 Vv 
Pseudoscleropodium purum © 4 ¢ 3 § IV 
Pleurozium schreberi eo ee 13 8 IV 
Dicranum scoparium 1 2 ¢ 3 e IV 
Lotus corniculatus o 2x ¢ @ Ill 
Agrostis Canina montana o ¢ (x) ¢ © Hl 
Lophocolea bidentata e e©«© 2x @ Il 
Veronica chamaedrys so e e e @ Hl 
Campanula rotundifolia o eo e e 8 HI 
Cerastium holosteoides (xy) © © © @ H 
Deschampsia flexuosa eo e 2 © @ i 
Peltigera canina 1 x 1 1 e@ Il 
Rhytidiadelphus triquetrus ee e¢ 7 2 6 H 
Vaccinium myrtillus oe e e Il 
Festuca rubra oe § © e @ HH 
Holcus lanatus ee 1 ¢ 1 ®@ Il 
Poa pratensis (x) © @ x © II 
Polytrichum alpinum 123 ¢ @ II 
Thuidium tamariscinum 2 } @¢ x @ Il 
e e e ¢ @ Il 


Lathyrus montanus 
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TABLE 36.—continued 


1 2 3-4 $5 Constancy Class 
Viola palustris 3. ¢ 2 6 °¢ I 
Achillea ptarmica ee e 2 e¢ |} I 
Cirsium palustre eo e © (x) ¢ I 
Rumex acetosella ee e ¢ 1] e@ I 
Polytrichum aurantiacum oe © 4 @ I 
Deschampsia cespitosa « x @ @ @ I 
Cornicularia aculeata « °* x @ e 1 
Cladonia impexa e ee (x) © ¢ I 
Number of species per relevé: 17 23 27 26 18 : 


Site Serial Numbers: 1—68041; 2—68090; 3—68025; 4—-68087; 
5—68007 
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Appendices 
TABLE 37. 
Class: Nardo-Callunetea Prsg. 1949 
Order: Nardetalia Prsg. 1949 
Alliance: Nardo-Galion saxatilis Prsg. 1949 5 
Association: Junco squarrosi-Festucetum tenufoliae Birse et Robertson 1976—N 4 
1 Constancy Class 
Association character species 
Nardus stricta 2 IV 
Juncus squarrosus 5 IV 
Luzula multiflora ° IV 
Association differential species 
Vaccinium myrtillus  ~ ° ; IV 
Plagiothecium undulatum ° HI 
Polytrichum commune - ° lll 
Alliance character species 
Galium saxatile 2 IV 
Polygala serpyllifolia ° I 
Pedicularis sylvatica . I 
Class character species 
Potentilla erecta 2 Vv 
Hypnum cupressiforme ericetorum ° Vv 
Calluna vulgaris ° Il 
Carex pilulifera 3 II 
Carex binervis ° I 
Sieglingia decumbens ° 1 
Ptilidium ciliare ° I 
Empetrum nigrum ° I 
Ulex europaeus e I 
Erica cinerea ° I 
Companion species 
Festuca ovina 5 v 
Deschampsia flexuosa ° Vv 
Agrostis canina montana 5 Vv 
Pleurozium schreberi ° IV 
Anthoxanthum odoratum 4 IV 
Rhytidiadelphus squarrosus 8 Ill 
Dicranum scoparium ° Il 
Lophocolea bidentata 1 Il 
Hylocomium splendens 7 Hl 
Carex nigra © tl 
Campylopus flexuosus ° II - 
Pseudoscleropodium purum 1 Il 
Luzula campestris 2 oe 
Agrostis tenuis 4 I 
Pohlia nutans ° I 
Carex panicea y 2 II 
Mnium hornum 4 ll 
Calypogeia muellerana ° II 
Juncus effusus 1 I 
Trifolium repens 1 I 
Achillea ptarmica x I 
Rumex acetosa x I 
Leontodon autumnalis — Xx I 
Ranunculus acris (x) I 
Polytrichum alpinum 3 [ 
 Thuidium tamariscinum 2 I 
Taraxacum sp. : 7 (x) I 
Number of species per relevé: 25 


Site Serial Numbers: 1—68004 
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TABLE 39. 

Class: Nardo-Callunetea Prsg. 1949 

Order: Calluno-Ulicetalia (Quantin 1935) Tx. 1937 

Alliance: Empetrion boreale Bécher 1943 

Association: Empetro—Ericetum cinereae Birse et Robertson 1976—CU 2 

1 2 Constancy Class 

Association character species 
Arctostaphylos uva-ursi e ° Ill 
Lycopodium selago ° ° ; I 

Association differential species 
Vaccinium vitis-idaea IV 
Vaccinium myrtillus ° e IV 
Empetrum nigrum 4 4 Il] 

Typical subassociation—variant with: 
Salix repens I 

Order character species 
Calluna vulgaris 8 9 Vv 
Erica cinerea 4 4 Vv 
Genista anglica ° ° Il 
Antennaria dioica e ° I 
Ptilidium ciliare ° e I 
Carex binervis ° ° I 
Lycopodium clavatum ° ° I 

Class character species ; 
Hypnum cupressiforme ericetorum 8 8 Vv 
Potentilla erecta 3 3 IV 
Carex pilulifera 2 1 Ill 
Luzula multiflora 1 2 II 
Galium saxatile ° . Ik 
Polygala serpyllifolia ° ° I 
Nardus stricta 2 2 I 
Sieglingia decumbens 1 1 I 
Pedicularis sylvatica ° (x) I 

Companion species 
Pleurozium schreberi 2 4 Vv 
Dicranum scoparium 1 ° Vv 
Deschampsia flexuosa ° ° Vv 
Cladonia impexa ° ° IV 
Pohlia nutans e ° IV 
Festuca ovina 2 3 IV 
Agrostis canina montana ° 2 IV 
Hylocomium splendens 1 an @ Ill 
Parmelia physodes ° ° IH 
Cladonia squamosa ° ° II 
Cladonia floerkeana ° ° Il 

_ Cladonia pyxidata ® ° Ik 
Polytrichum commune ° ° II 
Cladonia furcata 1 ° H 
Rhytidiadelphus triquetrus ° e I 
Cladonia arbuscula 2 4 Il 
Cladonia coccifera e ° Il 
Polytrichum piliferum ° e II 
Anthoxanthum odoratum 2 3 I 
Agrostis tenuis 1 ° I 
Rhytidiadelphus squarrosus 1 ° I 
Carex panicea ° 2 I 
Cladonia gracilis ° 1 I 
Pseudoscleropodium purum 3 1 I 
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TABLE 39,.—continued 


1 2 Constancy Class 

Cladonia uncialis ° 2 I 
Cornicularia aculeata ° 1 I 
Erica tetralix e 1 I 
Succisa pratensis ° 1 I 
Rhacomitrium lanuginosum ° 1 I 
Cetraria islandica a 2 I 
Nardia scalaris ° x I 
Frullania tamarisci ° 4 I 
Euphrasia sp. 1 ° I 
Plantago maritima 1 ° I 
Agrostis stolonifera ° | I 
Number of species per relevé: 22 28 


Site Serial Numbers: 1—68092; 2—68078 
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TABLE 41. 


Class: Oxycocco-Sphagnetea Br.—Bl. et Tx. 1943 

Order: Sphagnetalia fusci Tx. (1970) 1972 

Alliance: Calluno-Sphagnion fusci (Br.—Bl. 1920) Tx. (1970) 1972 
Rhytidiadelphus loreus—sphagnum fuscum community—SF 1 


1 Constancy Class 

Association differential species 

Rhytidiadelphus loreus 3 Vv 

Plagiothecium undulatum ° Il 
Order character species 

Rubus chamaemorus 3 Vv 

Sphagnum fuscum (x) IV 
Class character species 

Eriophorum vaginatum 5 Vv 

Mylia anomala ° IV 

Aulacomnium palustre ° Il 

Trichophorum cespitosum (x) I 

Erica tetralix ° I 

Vaccinium oxycoccos ° I 


Companion species 
Calluna vulgaris 7 
Pleurozium schreberi 2 
Hylocomium splendens 6 
Hypnum cupressiforme ericetorum 2 
Empetrum nigrum 5 
Cladonia arbuscula 4 
Sphagnum capillaceum 7 
Rhacomitrium lanuginosum ° 
Cladonia uncialis ° 
Vaccinium myrtillus 4 
Cladonia impexa 4 
Dicranum scoparium e 
Cornicularia aculeata ° 
Cladonia rangiferina ° 
Eriophorum angustifolium 5 
Juncus squarrosus ] 
Lophozia porphyroleuca ° 
Vaccinium vitis-idaea 3 
Ptilidium ciliare (x) 
Anastrepta orcadensis x 
Barbilophozia floerkei x 
Calypogeia muellerana 1 


Number of species per relevé: 21 


Site Serial Numbers: 1—68011 
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TABLE 42. 


Class: Loiseleurio-Vaccinietea Eggler 1952 em. Schubert 1960 
Order: Empetretalia hermaphroditi Schubert 1960 
Alliance: Cetrario-Loiseleurion Br.—BI. et Siss. 1939 
Empetrum hermaphroditum-Rhacomitrium lanuginosum community—LV 1 


1 2 Constancy Class 
Community character species 
Empetrum hermaphroditum 2 (x) Vv 
Alectoria nigricans 3 1 IV 
Alliance/Order/Class character species 
Rhacomitrium lanuginosum 3 9 Vv 
Ochrolechia frigida 1 1 IV 
Dicranum fuscescens 1 2 iW 
Sphaerophorus globosus ° ° Il 
Loiseleuria procumbens 3 ° Il 
Sphaerophorus fragilis ° ° I 
Cetraria nivalis ° ° I 
Sterocaulon evolutum ° ° I 
Companion species 
Cetraria islandica 1 3 Vv 
Cladonia uncialis 4 4 Vv 
Cornicularia aculeata 4 3 Vv 
Cladonia arbuscula 5 4 Vv 
Hypnum cupressiforme ericetorum x ° Vv 
Cladonia gracilis 3 ° Vv 
Vaccinium myrtillus 4 7 Vv 
Calluna vulgaris 8 ° IV 
Cladonia impexa ° (x) lll 
Cladonia coccifera (x) 1 Il 
Deschampsia flexuosa 1 2 Ill 
Pleurozium schreberi ° ° III 
Dicranum scoparium ° 3 HW 
Lycopodium selago ° e Ill 
Parmelia physodes 1 ° Il 
Cetraria glauca 1 ° Il] 
Carex pilulifera ° e II 
Cladonia squamosa ° ° II 
Polytrichum commune . ° Il 
Ptilidium ciliare ° ° II 
Diplophylium albicans e e I 
Campylopus flexuosus e ° II 
Vaccinium vitis-idaea ° ° II 
Polytrichum juniperinum e 3 I 
Number of species per relevé: 18 15 


Site Serial Numbers: 1—68010; 2—68009 
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TABLE 43. 


Class: Quercetea robori-petraeae Br.—Bl. et Tx. 1943 

Order: Quercetalia robori-petraeae Tx. (1931) 1937 em. 1955 

Alliance: Quercion robori-petraeae (Malcuit 1929) Br.—BI. 1932 

Association: Galio saxatilis—Quercetum Birse et Robertson 1976—QR 1 

1 Constancy Class 

Trees 
Fraxinus excelsior 5 I 
Larix decidua 1 I 

Association character species 
Luzula pilosa ° Il 
Dicranum majus ; ° ill 

Alliance character species 
Holcus mollis 7 ; IV 
Pteridium aquilinum 6 IV 
Lonicera periclymenum ° II 
Teucrium scorodonia ° Il 
Lonicera periclymenum (lianes) ° I 

Subassociation with Endymion 

non-scriptus-differential species 
Endymion non-scriptus [6] Il 

Companion species 
Oxalis acetosella 5 Vv 
Deschampsia flexuosa (x) IV 
Lophocolea bidentata 1 IV 
Galium saxatile e IV 
Pseudoscleropodium purum ° IV 
Rhytidiadelphus squarrosus 1 IV 
Viola riviniana (x) W 
Hylocomium splendens ° Ill 
Thuidium tamariscinum 4 Ill 
Anthoxanthum odoratum e I 
Rhytidiadelphus triquetrus ° Ii 
Potentilla erecta ° Ill 
Eurhynchium praelongum 5 Ill 
Pleurozium schreberi ° Ii 
Agrostis tenuis ° II 
Hypnum cupressiforme ° II 
Rubus fruticosus ° li 
Stellaria holostea (x) Il 
Agrostis canina montana e I] 
Mnium hornum e II 
Veronica chamaedrys (x) li 
Plagiothecium undulatum ° Il 
Trientalis europaea ° ll 
Polytrichum aurantiacum ° Il 
Anemone nemorosa ° I 
Rhytidiadelphus loreus e II 
Blechnum spicant ° Ii 
Poa trivialis 4 Il 
Mnium undulatum 1 n 
Dicranum scoparium ° Il 
Ranunculus ficaria 3 I 
Conopodium majus (x) I 
Silene dioica (x) I 
Digitalis purpurea x I 
Galium aparine 1 1 
Cirriphyllum piliferum 1 I 
Cardamine flexuosa x I 
Number of species per relevé: 23 


Site Serial Numbers: 1—68044 
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TABLE 44. 

Class: Querco-Fagetea Br.—BI. et V1. 1937 

Order: Fagetalia sylvaticae Pawlowski 1928 

Alliance: Fraxino-Carpinion Tx. et Diemont 1936 

Association: Aceri-Uimetum glabrae Birse et Robertson 1976—F 1 

1 Constancy Class 

Sorbus sp. 1 I 

Alliance character species 
Eurhynchium striatum 8 IV 
Lysimachia nemorum ° Il 
Fissidens taxifolius 1 I 
Veronica montana ° I 
Primula vulgaris e I 
Potentilla sterilis ° I 
Stellaria nemorum ° I 
Tilia europaea ° I 
Stellaria holostea ° I 
Rumex sanguineus e I 
Prunus avium e I 

Order character species 
Acer pseudoplatanus 8 IV 
Fraxinus excelsior ° IV 
Fraxinus excelsior seedlings 1 II 
Dryopteris filix-mas ° III 
Mercurialis perennis ° Il 
Circaea lutetiana e Ill 
Endymion non-scriptus ° ll 
Ulmus glabra e Ill 
Acer pseudoplatanus seedlings ° Il 
Anemone nemorosa ° II 
Uhmus glabra seedlings ° I 
Dryopteris borreri ° 1 
Fagus sylvatica 7 I 
Hedera helix e I 
Sanicula europaea ° I 
Fagus sylvatica seedlings e I 
Adoxa moschatellina ° I 
Galium odoratum ° I 
Ranunculus ficaria ° I 
Stachys sylvatica e I 
Hedera helix ° I 
Scrophularia nodosa e I 

Companion species 
Eurhynchium praelongum 3 Vv 
Thuidium tamariscinum 4 Il 
Mnium undulatum ° Hl 
Geum urbanum 2 Hl 
Dryopteris dilatata x Il 
Cirriphyllum piliferum ° Ill 
Oxalis acetosella ° Ill 
Urtica dioica ° Ill 
Athyrium filix-femina (x) Ill 
Galium aparine e II 
Atrichum undulatum (x) HI 
Brachythecium rutabulum 1 I 
Poa trivialis (x) II 
Viola riviniana 3 il 


Mnium hornum . Il 
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TABLE 44.—continued 


= 


Constancy Class 


Rubus fruticosus ° II 
Plagiochila asplenioides ° II 
Geranium robertianum 8 Il 
Lophocolea cuspidata ° II 
Silene dioica ° Il 
Glechoma hederacea ° Il 
Rubus idaeus ° ll 
Fragaria vesca ° I 
Hypnum cupressiforme e I 
Epilobium montanum 3 I 
Pellia epiphylla 1 I 


_ 
oO 


Number of species per relevé: 
Site Serial Numbers: 1—68075 
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Appendix VII (contd.) 
Environmental Tables (45—54) 


Tables of site characteristics and soil analysis for the sites of relevés in 
Tables 28—44, grouped by vegetation classes. 


Code Numbers of Communities: — 


CM1 = —Mertensio-Atriplicetum laciniatae 

AAI! — Elymo-Agropyretum boreo-atlanticum 
AA2 ~~ Elymo-Ammophiletum 

FS] Euphrasio-Festucetum arenariae 

CN1 = Carex echinata-Carex panicea community 


T2 Schoenus nigricans community 

M2 Ranunculus repens-Juncus effusus community 
M3 Juncus effusus-Sphagnum.recurvum community 
Al Lolio-Cynosuretum 

N3 Achilleo-Festucetum tenuifoliae 

N4 Junco squarrosi-Festucetum tenuifoliae 


CU1 ~~ Carici binervis-Ericetum cinereae 

CU2  Empetro-Ericetum cinereae 

ES] Erico-Sphagnetum magellanici 

SF] Rhytidiadelphus loreus-Sphagnum fuscum community 
LVI Empetrum hermaphroditum-Rhacomitrium lanuginosum 


community 
QR1_—_ Galio saxatilis-Quercetum 
Fl Aceri-Ulmetum glabrae 
Abbreviations: — 


Alt Altitude in metres 

Asp Aspect—compass points 

Slp Slope in degrees ‘ 

LUC Land Use Capability — see p. 137 for class abbreviations 
GSG |. Genetic Soil Group 


T Tree layer 

S Shrub layer 

F Field layer 

G Ground layer 

Ht Height—trees in metres, field layer in centimetres 


Note: Height of field layer in two components—Inflorescences or ferns/ 
general height. 


OM Organic matter 
C/N ___ Carbon/nitrogen 


Under the heading GSG (Genetic Soil Groups) the following 
abbreviations have been used for subdivisions of the major soil groups:— 
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CR skeletal soil on calcareous material 
BCS brown calcareous soil 

BP brown forest soil of low base status 
BL shallow brown forest soil on rock 


cP cultivated podzol 

HIP —_ humus iron podzol 

HIL © shallow humus iron podzol on rock 
GP imperfectly drained podzol 

PP peaty podzol 

PPL _ shallow peaty podzol on rock 


CG . calcareous gley 
AG noncalcareous gley of low base status 
BG noncalcareous gley of moderate to high base status 


HG peaty gley of moderate to high base status 
MP subalpine podzol 

PT blanket peat and raised moss 

HPT _ upland blanket peat 

FPT flushed peat 


Abbreviations used for the drainage categories of all the soils (Ellis, 
1932) are as follows:— 


Oo excessively drained 
P freely drained 
P- moderately well drained 


PPH _ imperfectly drained 
PH poorly drained 
HP very poorly drained 


Note: The values for exchangeable cations (me per 100 g) and total 
100_, 
100+ X 
where X = percentage of organic matter, to adjust for varying amounts 
of organic matter (Birse and Robertson, 1976) 
Base saturation and organic matter values are quoted as percentages. 
The horizons quoted for the peats in the soil analytical tables are arbit- 
rary depths chosen at approximately 15 to 20 cm intervals down the profile. 
Row of asterisks indicates that the horizon was absent or not sampled, 
or no determination was carried out. 


phosphorus (mg per 100 g) have been modified by a factor 
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Index 


A 
A-horizon, definition, 170 
Aberdeen-Lammermuir readvance, 28 
Accumulated temperature, 16 
Achairn Moss, 93—94, 107 
Achanarras limestone, 26 
Achavanich complex, 78—79 
forestry, 162 
Jand use capability, 145 
Aerial photographs, 37 
Agriculture, 1, 155—161 
climate in relation to, 155 
cropping pattern and rotation, 159 
farms and farming systems, 158~159 
labour, 161 
land, 155-157 
land tenure, 157—158 
livestock, 160 
recent developments, 161 
Alluvium (Alluvial soils), 30, 82 
exchangeable potassium, 117 
land use capability, 139, 141, 143 
soil separates, 113 
vegetation, 149, 151, 152 
Altnabreac Bog, 93, 105, 109 
Aluminium oxides, 123—125 
Analytical data, 
peat, discussion of, 109-110 
tables, 230—236 
standard, discussion of, 111—132 
tables, 182—220 
Analytical methods, summary, 132 
Anatase, 121 
Andalusite, 121 
Anniegathel series, 66 
analytical data, tables, 20) 
land use capability, 142, 144 
trace elements, 129 
Apatite, 121 
Aragonite, 121 
Areas of soil classes, 38—39 
Arkose, 26 
Ash content in peat, 109 
Association, soil, 34, 37 
Augite, 122 


B 
B-horizon, definition, 170 
Backlass Moss, 85 
Barren Red Series, 24—26 
Base saturation, 119—120 
Basin and valley peat (mire), 30, 80, 81 
base saturation, 120 
characteristics, 169 
exchangeable calcium, 113 
exchangeable hydrogen, 118 
exchangeable magnesium, 116 
formation, 84 
in peat-alluvium complex, 82 
pH, 120 
phosphorus, 121 
see also Peat, Organic soils 
Berriedale Association, 40—46 
iron oxides, 124 
minerals in the clay fractions, 123 
minerals in the fine sand fractions, 122 
soil separates, 112 
trace elements, 127—128, 131 
Berriedale series, 42—43 
analytical data, tables, 191—192 
forestry, 162, 163 
land use capability, 140, 143, 144 
trace elements, 127—128 
Berriedale Water, 3 
Blanket Peat (mire), 30 
base saturation, 120 
characteristics, 169 
deep, 80 
exchangeable magnesium, 116 
formation, 84—85 
pH, 120 
phosphorus, 121 
shallow, 80 
trace elements, 131, 132 
vegetation, 150, 153 
see also Peat, Organic soils 
Bilbster complex, 77 
land use capability, 139, 143 
Bilbster series, 67-70 
analytical data, tables, 186~189 
exchangeable magnesium, 115 
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Bilbster series (contd.) 
in Bilbster complex, 77 
in Ulbster complex, 79, 80 
land use capability, 139, 141, 142, 143 
trace elements, 126—127 
vegetation, 149, 151, 152 
Bioclimatic sub-regions, 19 
Biotite, 24 
Bog, vegetation, 150—151 
Boulder clay, see Till 
Boundaries, between soil horizons, 181 
on the soil map, 37 
Braemore Association, 46—49 
iron oxides, 123, 125 
minerals in the clay fractions, 
minerals in the fine sand fractions, 
122 
trace elements, 129—130, 131, 132 
Braemore series, 48—49 
analytical data, tables, 208 
land use capability, 144 
trace elements, 129, 130 
Breccia, 26 
Brown calcareous soils, analytical data, 
tables, 182—183 
base saturation, 119 
characteristics, 167 
exchangeable calcium, 113 
exchangeable hydrogen, 117 
exchangeable magnesium, 114 
exchangeable potassium, 117 
exchangeable sodium, 116 
horizon nomenclature, 170 
iron oxides, 123, 124 
list of, 34 
pH,119 
phosphorus, 120 
vegetation, 151-152 
Brown earths, characteristics, 167 
Brown forest soils, analytical data, tables, 
184 
base saturation, 119 
characteristics, 167 
exchangeable hydrogen, 118 
exchangeable magnesium, 114—115 
exchangeable potassium, 117 
exchangeable sodium, 116 
horizon nomenclature, 170—171 
iron oxides, 124 
list of, 34 
pH, 119 
phosphorus, 120 
vegetation, 152 
Burn of Latheronwheel, 3 


Index 


Cc 
C-horizon, definition, 170 
Caithness Flagstone Series, 26 
Caithness Plain, 1, 3~5, 19 
Calcareous gleys, analytical data, tables, 
199 
base saturation, 119 
characteristics, 168 
exchangeable calcium, 113 
exchangeable hydrogen, 117 
exchangeable magnesium, 115 
exchangeable sodium, 116 
horizon nomenclature, 172 
iron oxides, 123, 124, 125 
list of, 34 
pH, 119 
vegetation, 153 
Calcareous soils, characteristics, 167 
Calcium, exchangeable, 113-114 
in peat, 109 
Cam-leathad series, 47—48 
analytical data, tables, 201 
exchangeable calcium, 114 
land use capability, 140 
soil separates, 113 
trace elements, 129, 130 
Camster, peat deposits, 94 
Camster complex, 77~-78 
land use capability, 145 
Camster series, 70—72 
analytical data, tables, 196—198 
in Achavanich complex, 78, 79 
in Camster complex, 77, 78 
land use capability, 142, 144 
trace elements, 126~127 
vegetation, 150, 153 
Canisbay Association, 49—52 
exchangeable sodium, 116 
‘minerals in the clay fractions, 123 
minerals in the fine sand fractions, 
121-122 
trace elements, 128-129 
Canisbay series, 51—52 
analytical data, tables, 208—209 
base saturation, 119 
exchangeable calcium, 114 
exchangeable hydrogen, 118 
land use capability, 140, 144 
pH, 119 
soil separates, 112 
trace elements, 128 
Carbon, extractable, 124 
Carbonate extractant, 125—126 
Cattle, 160, 161 


Index 


Central Plain, 3, 5 
Charr series, 55 
analytical data, tables, 194 
land use capability, 143, 144 
phosphorus, 120 
trace elements, 130 
Chlorite, 122 
Clay minerals, discussion of, 122—123 
tables, 221 
Climate, 7—21 
as a factor in land use capability classi- 
fication, 135—136, 140~141 
as a soil-forming factor, 32 
in relation to agriculture, 155 
Clyth Burn, 3 
Cobalt, 126—131, 157 
Colluvium, in Bilbster complex, 77 
in Ulbster complex, 79, 80 
Colour, soil, 174 
Complex, soil, 34, 37 
Conglomerate, 26 
Consistence, 178—179 
Copper, 127-131, 157 
Corby Association, 52—53 
trace elements, 131 
vegetation, 150 
Countesswells Association, 53—55 
iron oxides, 123 
minerals in the clay fractions, 123 
minerals in the fine sand fractions, 121 
trace elements, 130, 131 
Countesswells series, 54 
analytical data, tables, 185 
land use capability, 143 
phosphorus, 120 
trace elements, 130 
Cretaceous sandstone erratic, 28 
Crofts, 158, 161 
Cropping pattern, 159 


D 

D-horizon, definition, 170 

Dairying, 160 

Dalemore, gravel pit, 52, 53 

Dithionite extractant, 123~—124 

Drainage class, 173 

Dubh Iochans, 80—81 

Dunbeath series, 44 
analytical data, tables, 200 ; 
land use capability, 139, 140, 142, 143 
trace elements, 127 
vegetation, 148 

Dunbeath Water, 3 

Dunes, 5, 30 


281 


forestry, 163 
in Fraserburgh Association, 59, 61—62 
vegetation, 147, 152 

Dunnet Association, 56—57" 
minerals in the clay fractions, 123 
vegetation, 150 

Dunnet Forest, 163 

Dunnet Head, 5 
weathered rock at, 23 

Dunnet Hill, peat deposits, 94—95 

Dunnet Sandstones, 27 

Dunnet Series, 56—57 
analytical data, tables, 194 
land use capability, 143, 144 
vegetation, 153 

Durnhill Association, 57—58 
minerals in the clay fractions, 123 
trace elements, 130, 131 


E 

Epidote, 121 

Erosion (liability to), as a factor in land 
use capability classification, 136 

Evapo-transpiration, 16—19 

Exchangeable cations, 113—118 

Extraction data, discussion of, 123—126 
tables, 222—229 


F 

F-layer, definition, 170 

Farming systems, 158—159 

Feldspar, 24, 26, 121 

Fertility, soil, 157 

Fishing, 1 

Flagstone, 26 

Fluoride extractant, 125—126 

Fluvioglacial deposits, 29 
in Corby Association, 52 
in Shielton Association, 62 

Fog, 14-15 

Forestry, 162—163 

Forestry Commission, 5, 59, 162 

Fraserburgh Association, 58—62 
exchangeable calcium, 113 
forestry, 163 
minerals in the clay fractions, 122 
minerals in the fine sand fractions, 12! 
trace elements, 129 

Fraserburgh series, 59—60 
analytical data, tables, 182 
in Whitelinks complex, 61 
land use capability, 142—143 
trace elements, 129 
vegetation, 148 
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Freezing days, 12 

Frost debris, 29 
in Durnhill Association, 57 

Fungarth series, 64—65 
analytical data, tables, 184 
land use capability, 142, 143 
trace elements, 129 
vegetation, 149, 152 


G 
Gaerlie series, 65 
analytical data, tables, 195 
land use capability, 141, 142, 143, 
144 , 
Gales, 14 
Garnet, 121 
Geology, 24—28 
Giar Hill, peat deposits, 96—97, 109 
Gibbsite, 122, 123 
Glaciation, 1, 27—28, 33 
Goethite, 122, 123 
Gradient, as a factor in land use capability 
classification, 135 
Granite, 24 
Grassland, vegetation, 149 
Ground-water gleys, characteristics, 168 
Growing period, 16 


H 
H-layer, definition, 170 
Haar, 14-15 


Haematite, 122, 123 

Halsary series, 62-63 
analytical data, tables, 186 
land use capability, 139, 144 
trace elements, 130 

Heath, vegetation, 151 

Hecken Moss, 103—104 

Heimsdale Granite, 24 

Holborn Head, Achavanich complex at, 

79 

Horizon boundaries, 181 
nomenclature, 170—173 

Hornbiende, 121 

Humidity, 14—15 

Humus forms, 179—180 

Humus-iron podzols, 
characteristics, 167 
exchangeable hydrogen, 118 
horizon nomenclature, 171 
list of, 34 

Hunster series, 74 

Hydrogen, exchangeable, 117—118 


Index 


I 
Igneous rocks, 27 
Illite, 122 
Illite-montmorillonite, 122 
Induration, definition, 179 
effect on drainage, 31, 144 
in Berriedale series,-43, 139, 140 
in Bilbster series, 69, 70, 141, 143 
in Braemore series, 49 
_in Camster series, 71,72, 142 
in Charr series, 55 
in Countesswells series, 54 
in Fungarth series, 65 
in Gaerlie series, 65, 142 
in Langwell series, 41 
in Marlain series, 47 
in Olrig series, 76—77 
in Ramscraigs series, 42, 139, 141 
in Shielton series, 63 
in Thurso series, 73 
in till, 29 
in Warth series, 50 
Iron, cementation, 52, 53 
Iron oxides, 123—126 
Iron pan, definition, 171 
effect on drainage, 31, 144 
in Berriedale series, 42, 43, 140 
in Bilbster series, 69, 70, 77 
in Camster series, 71, 72, 142 
in Charr series, 55 
in cultivated soils, 33 
in Dunnet series, 56 
in Gaerlie series, 65, 142 
in Halsary series, 63 
in Marlain series, 46, 47 
in Ramscraigs series, 42 
in Shielton series, 63, 144 
in Tarbothill series, 52, 53, 144 
in Warth series, 50 


J 


John o’ Groats Sandstones, 26 


K 

Kaolin, 122 

Knockally series, 45 
analytical data, tables, 207 
land use capability, 140, 142, 144 
trace elements, 127—128 


L 

L-layer, definition, 170 
Labour, 161 

Land, 156—157 


Index 


Land tenure, 157—158 

Land use capability, 133-145 
classes, 134 
mapping units, 136-145 
subclasses, 134-136 

Landform regions, 3 

Langwell series, 41 
analytical data, tables, 184 
forestry, 162 
land use capability, 141, 144 
trace elements, 127-128 

Langwell Water, 3 

Lead, 127-131 

Leavad, 28 

Lepidocrosite, 123 

Lime, 59, 157 

Limestone, 26 

Links, 81 7 
land use capability, 144 

Livestock, 160 

Loss on ignition, 111—112 


M 
Magnesium, exchangeable, 114-116 
in peat, 110 
levels in soils, 157 
Major soil subgroups, classification, 
167-173 - 
horizon nomenclature, 170-173 
proportions of, 37-40 
relationships with vegetation, 33, 151 
Man, as a soil-forming factor, 33 
Manganese, cementation, 52, 53, 116 
concretions, 42, 73 
mottling, 29, 69 
trace elements, 127—131 
Mapping, soil, 34—37 
Marl, 30 
Marl Moss, 104 
Marlain series, 46—47 
analytical data, tables, 192 
land use capability, 144 
trace elements, 129 
Mica, 121 
biotite, 24 
muscovite, 24 
Midden, 60, 120 
Migmatite, 24 
Minerals, in clay fractions, 122—123, 221 
in fine sand fractions, 121—122, between 
pages 220 and 221 
Mire, 84 
vegetation, 148 
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see also Basin and valley peat, Blanket 
peat, Peat 
Miscellaneous soils, 81—82 
Mixed bottom land, 82 
forestry, 162 
land use capability, 144 
Moine Plateau, 1, 6 
Moinian, 1, 24 
Molybdenum, 127, 130—131, 157 
Moor, vegetation, 149—150 
Moraine, 29, 77 
Morphology, identification of soils by, 34 
of drainage classes, 173 
Moss of Greenland, 102—103 
Moss of Toftingall, 85 
Mottling, 174 
Mountain-top detritus, 29 
in Durnhill Association, 57 
Mudstone, 26 
Muscovite, 24 
Munsell Soil Color Charts, 174 


N 
Nickel, 126-131 
Nitrogen, in peat, 110 
Noncalcareous gleys, analytical data, 
tables, 200—206 
base saturation, 120 
characteristics, 168 
exchangeable calcium, 114 
exchangeable hydrogen, 118 
exchangeable magnesium, 115 
exchangeable potassium, 117 
exchangeable sodium, 116 
horizon nomenclature, 172 
iron oxides, 125 
list of, 34 
loss on ignition, 112 
pH, 120 
phosphorus, 121 
soil separates, 112~—113 
vegetation, 153 
North Country Cheviot, 1, 158, 160 
North Shielton, peat deposits, 85—92, 109 
Northern Plain, 3—-5 


O 
Old Red Sandstone, 24—27 
Middle, 1, 23 
Upper (Dunnet Sandstones), 27 
Olrig series, 75—77 
analytical data, tables 210-213 
base saturation, 119 
exchangeable calcium, 114 
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Olrig series (contd.) 
exchangeable hydrogen, 118 
forestry, 162, 163 
in Achavanich complex, 78, 79 
land use capability, 140, 142, 144 
pH, 119 
soil separates, 112 
trace elements, 126—127 
vegetation, 153 

Organic matter, 179-181 

Organic soils, 80-81 
analytical data, tables, 214—217 
characteristics, 169 
exchangeable calcium, 113 
exchangeable hydrogen, 118: 
exchangeable potassium, 117 
exchangeable sodium, 117 
land use capability, 139, 143 
loss on ignition, 111 
phosphorus, 121 
see also Basin and valley peat, Blanket 

peat, Peat 


P 
Pararendzina, 60 
Parent Materials, 23—30 
as soil-forming factors, 31 
- Partially sorted material overlying till, 
in Thurso Association, 67, 74 
Pasture, vegetation, 148 
Peat, 30, 80, 83-110 
analytical data, discussion, 109—110, 
tables, 230-236 
asa fuel, 84 
as a mapping unit, 80-81 
characteristics, 83, 169 
forestry, 162, 163 
formation, 30, 83 
in Achnavanich complex, 78, 79 
in Camster complex, 77, 78 
pollen analysis, 104—109 
survey methods, 85 
vegetation, 150-151. See also Peat 
deposits 
vegetational history, 104—109 
with dubh lochans, 80—81, 145 
see also Basin and valley peat, Blanket 
peat, Organic soils 
Peat deposits, 85—104 
Achairn, 93—94 
Altnabreac, 93 
Camster, 94 
Dunnet Hill, 94—95 
Giar Hill, 96—97 
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Hecken Moss, 103—104 
Marl Moss, 104 
Moss of Greenland, 102—103 
North Shielton, 85—92 
Riskamain, 94 
Shielton, 92—93 
Stroupster, 97-99 
Ulbster, 100—102, 108 
Wag Hill, 99—100 
Weydale Moss, 103 
Yellow Moss, 104 
Peat-alluvium complex, 30, 82 
exchangeable hydrogen, 118 
exchangeable potassium, 117 
land use capability, 143 
vegetation, 148, 153 
Peaty gleys, analytical data, tables, 207— 
213 
base saturation, 119 
characteristics, 168 
exchangeable calcium, 114 
exchangeable hydrogen, 118 
exchangeable magnesium, 116 
exchangeable potassium, 117 
exchangeable sodium, 117 
horizon nomenclature, 172—173 
iron oxides, 123, 124—125 
list of , 34 
loss on ignition, 111 
pH, 119 
phosphorus, 121 
soil separates, 112 
vegetation, 153 
Peaty podzols, analytical data, tables, 
191-198 
base saturation, 119 
characteristics, 168 
exchangeable calcium, 113-114 
exchangeable hydrogen, 118 
exchangeable magnesium, 115 
exchangeable potassium, 117 
exchangeable sodium, 116 
horizon nomenclature, 171—172 
iron oxides, 123, 124 
list of, 34 
loss on ignition, 111 
pH, 119 
phosphorus, 120 
soil separates, 112 
vegetation, 153 
Peaty ranker, in Berriedale Association, 
46 
in Durnhill Association, 58 
in Thurso Association, 70 


Index 


Ped, 176 
Pegmatite, 24 
pH, 119—120 
in peat, 109 
Phase, soil, 34, 37 
Phosphate, 157 
Phosphorus, 120—121 
in peat, 110 
Pigs, 160 
Pleistocene glaciation, 27—28, 33 
Podzols, analytical data, tables, 185-189 
base saturation, 119 
characteristics, 167 
exchangeable calcium, 113 
exchangeable hydrogen, 118 
exchangeable magnesium, 115 
exchangeable potassium, 117 
exchangeable sodium, 116 
horizon nomenclature, see Podzols (cul- 
tivated) 
iron oxides, 123, 124 
list of, 34 
pH, 119 
phosphorus, 120 
soil separates, 112 
vegetation, 152 
see also Humus-iron podzols, Peaty 
podzols, Podzols (cultivated) 


Podzols (cultivated), characteristics, 167. 


horizon nomenclature, 172 
list of, 34 
Pollen analysis, 104—109 
at Braehour, 105 
at Flows of Leanas, 107 
at Moss of Quintfall, 107 
discussion, 107-109 
Potash, 157 
Potassium, exchangeable, 117 
in peat, 109, 110 
Potential water deficit, 16—19 
Poultry, 160 
Profile, 34 
classification, 167—169 
horizon nomenclature, 170—173 
standard descriptive terms, 169—181 
Pyrophosphate extractant, 124—125 


Q 


Quarries and quarry spoil, land use cap- 
ability, 145 
Quarrying, 1 
Quartz, in fine sand fraction, 121 
in Moinian rocks, 24 
in Old Red Sandstone rocks, 26 
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Quartzite, 24 
breccia, 26 


R 

Rainfall, 7—8 

Ramscraigs series, 41—42 
analytical data, tables, 185 
land use capability, 139, 141, 143 
trace elements, 127—128 
vegetation, 149, 152 

Ranker, peaty, in Berriedale Association, 

46 

in Durnhill Association, 58 
in Thurso Association, 70 

References, 164—166 

Reisgill Burn, 3 

Relative Humidity, 14—15 

Relief, as a soil-forming factor, 32 

Riskamain, peat deposits, 94 

River systems, 1 

River Thurso, 3, 19 

Roots, 181 

Rumster Forest, 5, 162 


S 
S-horizon, definition, 170 
Salt spray, 116, 117, 141 
Sand and gravel, see Fluvioglacial deposits 
Sandstone, 26, 27 
in Dunnet Association, 56 
Scaraben, climatic conditions, 19 
.frost debris, 29 
geology, 24, 26 
soils, 57—58 
vegetation, 151, 152—153, 154 
Schist, 24 
Scraulac series, 57—58 
analytical data, tables, 190 
land use capability, 145 
soil separates, 113 
trace elements, 130 
Scree, 29 
in Durnhill Association, 57, 58 
Series, soil, 34, 37 
Sheep, 160 
Shell fragments, 
in Canisbay series, 51, 118 
in Fraserburgh Association, 59, 60 
in till, 27, 67 
Shelly boulder clay, 27, 28 
exchangeable calcium, 114 
in Thurso Association, 67 
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Shielton Association, 62—63 
trace elements, 130, 131 
Shielton series, 63 
analytical data, tables 195 
land use capability, 144 
trace elements, 130 
vegetation, 150, 153 
Shielton Moss, 85, 92—93 
Sibster series, 74—75 
analytical data, tables, 206 
exchangeable calcium, 114 
exchangeable magnesium, 115 
land use capability, 139 
soil separates, 113 
trace elements, }26—127 
Silicon oxides, 123—125 
Skeletal soils 
in Berriedale Association, 46, 145 
in Durnhill Association, 58, 145 
in Fraserburgh Association, 61—62, 145, 
147 
.. vegetation, 147, 151 
Slope classes, 169—170 
Snow, 8—11 
Sodium, exchangeable, 116—117 
in peat, 109 
Soil, as a factor in land use capability 
classification, 135 
association, 34, 37 
boundaries, 37 
classification, 37, 167—169 
colour, 174 
complex, 34, 37 
consistence, 178—179 
definition, 31 
distribution, 37—40 
drainage class, 173 
fertility, 157 
forming factors, 31—33 
horizon boundaries, 181 
horizon nomenclature, 170—173 
mapping, 34-37 
mottling, 174 
organic matter, 179-181 
phase, 34, 37 
profile, 34 
separates, 112—113 
series, 34, 37 
structure, 176—178 
survey methods, 34—37 
temperature, 32 
texture, 174-176 
Solifluction, 28 
Southern Plain, 3, 5 
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‘Sphene, 122 


Stacks of Duncansby, 5 
Stones, 181 
Strand-line, vegetation, 146~—147 
Strath Halladale, injection complex, 24 
Strichen Association, 64—66 
minerals in the clay fractions, 122, 123 
minerals in the fine sand fractions, 121 
trace elements, 129, 131 
Stroupster, peat deposits, 97-99 
Structure, 176-178 
Subalpine podzols, analytical data, tables, 
190 
characteristics, 168 
exchangeable calcium, 113 
exchangeable hydrogen, 118 
horizon nomenclature, 171 
list of, 34 
loss on ignition, 111 
phosphorus, 120 
vegetation, 151, 152 
Sunshine, 15 
Superficial] deposits, 23—24, 28-30 
Surface-water gleys, characteristics, 168 
Survey methods, 
peat, 84 
soil, 34—37 


T 
Tarbothill series, 52—53 
analytical data, tables 193 
land use capability, 144 
trace elements, 131 
vegetation, 153 
Temperature, 11—12 
soil, 32 
Texture, 174—~176 
Thurso Association, 66—80 
forestry, 163 
iron oxides, 124 
minerals in the clay fractions, 122, 123 
minerals in the fine sand fractions, 
121-122 
soil separates, 112 
trace elements, 126—127, 131 
vegetation, 150 
Thurso series, 72—74 
analytical data, tables, 202—205 
exchangeable calcium, 114 
forestry, 162, 163 
in Achavanich complex, 79 
in Ulbster complex, 79, 80 
land use capability, 139, 140, 142, 143 
soil separates, 113 
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Thurso series (contd.) 
trace elements, 126—127 
vegetation, 148, 149, 153 
Till, 28—29 
in Berriedale Association, 40 
in Braemore Association, 46 
in Canisbay Association, 49 
in Countesswells Association, 53 
in Strichen Association, 64 
in Thurso Association, 66—67 
Time, as a soil-forming factor, 33 
Trace elements, 126—132 
Transpiration, 16-19 
Tresdale series, 50—51 
analytical data, tables, 201 
exchangeable calcium, 114 
land use capability, 139 
trace elements, 128 


U 
Ulbster complex, 79—80 
land use capability, 139, 141, 143 
Ulbster, peat deposit, 100-102, 108, 109, 
110 
United Kingdom Atomic Energy Author- 
ity, 1 


V 
Vegetation, 146—154 ; 
as a soil forming factor, 32—33 
bog, 150-151 
dune, 147, 152 
grassland, 149 
heath, 151 
methods of recording, 146 
mire, 148 
moor, 149—150 
pasture, 148 
plant communities tables, 237—264 
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relationship with major soil subgroups, 
33, 151 
strand-line, 146—147 
woodiand, 151 
Vegetational history, 104—109 
Vermiculite, 122 
Von Post scale, 180—181 


WwW 
Wag Hill, peat deposits, 99—100 
Warth series, 49—50 
analytical data, tables, 193 
land use capability, 144 
trace elements, 128, 129 
Wetness, as a factor in land use capability 
classification, 134—135 
Weydale Moss, 103 
Whitelinks complex, 61 
land use capability, 143 
Whitelinks series, 60-61 _ 
analytical data, tables, 199 
exchangeable calcium, 113 
in Whitelinks complex, 61 
land use capability, 142 
trace elements 129 
vegetation, 148, 153 
Wick River, 3, 19 
Wind, 12—14 
Wind-blown sand, 5, 30 
in Fraserburgh Association, 58 
in Links, 81 
Woodland, 151, 162, 163 


Y 
Yellow Moss, 104, 109, 110 


Z . 
Zinc, 130, 131 
Zircon, 121 
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